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of Bery Meum olsoning 


Progress Report 


HARRIET L. HARDY, M.D., Boston 


There has been in the past decade a truly 
impressive accumulation of American and 
foreign literature relating to the epidemi- 
ological and clinical aspects of exposure to 


certain beryllium compounds. This docu- 


mentation and active attempts to use these 


data in the prevention of worker illness 
reflect the accuracy of Dr. Alice Hamilton’s 
observation ** that in her experience she has 
never seen a prompter and more active attack 
on a serious industrial hazard. 


TABLE 1.—Incriminated Beryllium-Using 
Operations 


Extraction of beryllium 


Fluorescent powder manu- 
facturing 


Beryllium metallurgy 
Ceramic operations 


Fluorescent lamp manu- 
facturing 


Fluorescent lamp salvage 


Radio tube manufacturing 


Atomie energy develop- 
ment 

Neighborhood contamina- 
tion 


Neon sign manufacturing 


Beryllium alloy manu- 
facturing 


TaBLe 2.—Apparently Incriminated Beryllium 
Compounds 


BeCle 
BeSO.« 


MnZnBeSiO.u 


Be(OH): BeO(Be) 


Based in part on a paper read at the Seventh 
Saranac Symposium, Oct. 1, 1952. 

Work done at the Occupational Medical Clinic 
of the Massachusetts General Hospital was sup- 
ported in part by a research grant from the 
National Institutes of Health, of the United States 
Public Health Service. 


The rate of accumulation of knowledge is 
sufficiently rapid to justify this report. Such 
a presentation aims to document beryllium 
exposure as the etiology in certain cases of 
worker illness. Further, by description of 
the clinical characteristics of beryllium dis- 
ease the physician may be certain of correct 
differential diagnosis. Beryllium poisoning 
in its chronic form is difficult to diagnose 
because of its with 
certain forms of tuberculosis and sarcoidosis. 


features in common 


EPIDEMIOLOGY 

Table 1 represents the operations which 
have been incriminated as causing worker 
illness. Table 2 shows the compounds associ- 
ated with these operations. Van Ordstrand,* 
Wilson,+ and DeNardi® agree with us that 
beryllium oxide appears as the usual etiologic 
exposure in beryllium poisoning. Illness in 
the extraction and alloy manufacturing in- 
dustries both here ** and abroad £¢ is held to 
be associated with exposure to the acid salts 
of beryllium, especially the fluoride and the 
sulfate. Accurate information on incidence 
of cases of beryllium poisoning associated 
with certain work exposures is difficult to 
obtain. Lack of knowledge of the total 
number of those exposed, failure to recognize 
beryllium-caused disease in the past, and 
continued appearance of cases of chronic 
poisoning following long-term exposure com- 
bine to make available information of case 
incidence undependable. A few reasonably 
DeNardi and asso- 
ciates ® report 431 cases of acute beryllium 


accurate figures follow. 


* Van Ordstrand, H. S.: Unpublished data. 
+ Wilson, S. A.: Unpublished data. 


~Tabershaw, I. R.: Unpublished 
Reference 22. 


data and 
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reaction in an extraction plant between 1940 
and 1952, during which time some 1700 per- 
sons were employed. Two hundred twenty- 
two of such illnesses involved the respiratory 
tract, with 60 cases of acute beryllium pneu- 
monitis, 10 of which proved fatal. Vigliani ** 
in 1948 reported 75 cases of bronchitis 
among 230 workers engaged in alloy manu- 
facture, all disability being transient. Taber- 
shaw,§ during a trip to Germany in 1950, 
learned from Niemoeller that in 1936 of 112 
workers exposed 43 became ill after exposure 
to beryllium salts, 3 dying during an acute 
reaction and 3 at an unnamed later period. 
Acute beryllium poisoning is related to in- 
tensity of exposure, best noted in the extrac- 
tion industry. The fact that there are no new 
cases of acute disease since working air con- 
centrations of beryllium have been reduced 
below 25y/m.* of air for the briefest ex- 
posure is further proof of the relation be- 
tween beryllium concentration and disease.|| 

The problem of case incidence in industrial 
epidemics of chronic beryllium poisoning is 
far from settled, as clinically active cases are 
currently appearing from beryllium expo- 
sures which ceased as long as 10 years ago. 
In one fluorescent lamp manufacturing plant, 
between 1400 and 1700 persons were exposed 
to a phosphor containing about 12% beryl- 
lium, and to date there are in that group 
more than 100 diagnosed cases of chronic 
beryllium poisoning. This is an incidence of 
over 5%, which is greater than the 4% 
considered epidemic for a communicable dis- 
ease in a community. In fluorescent lamp 
manufacturing plants using a less than 4% 
beryllium-containing phosphor, a small num- 
ber of cases of chronic disease have been 
documented—at least 25 out of several thou- 
sand exposed workers. This experience in- 
dicates that both high and low beryllium- 
containing phosphors can cause disease. Since 
high and low beryllium-containing phosphors 
were prepared differently, with low and high 
firing,{ there was variation in the physical 


§ Tabershaw, I. R.: Unpublished data. 
| Eisenbud, M.: Unpublished data. 

§ Williams, C. R.: Unpublished data. 
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INDUSTRIAL HEALTH 
characteristics of the beryllium compounds, 
with possible related influence on disease 
production. 

DeNardi ° reports the low figure of 7 cases 
of chronic beryllium disease from the roughly 
1700 workers on extraction operations, 
among whom 431 cases of acute beryllium 
reaction occurred. Relatively high incidence 
of chronic beryllium disease has been re- 
ported by Slavin '* from spraying of cathode 
tubes and by Sander '® in a small neon sign 
manufacturing shop where phosphor prep- 
aration and tube coating were done. There 
are many gaps in our knowledge of the 
epidemiology of beryllium disease in alloy 
manufacture, beryllium research,’ certain 
operations in neon sign manufacture,'® neigh- 
borhood contamination,* and beryllium metal- 
lurgy. No cases of beryllium poisoning 
have been reported from handling beryl ore. 
Finished beryllium alloys, containing less 
than 2% beryllium, have not caused illness 
to date. This may be interpreted to mean 
that quantitatively there probably is a safe 
level of beryllium air contamination. Some 
of our gaps in knowledge will never be filled, 
because proper engineering control will pre- 
vent new cases and we lack data on beryllium 
air contamination of past operations. 

Scanty though it is, knowledge of epi- 
demiology has led to acceptance of beryllium 
as etiology. An explanation of the mecha- 
nism of beryllium intoxication has been pro- 
posed by Sterner.'® He presents the broad 
concept that clinically active beryllium poi- 
soning is an immunotoxic reaction to the 
chemical held in tissue. Curtis * backs this 
up by describing positive skin tests in all 
cases of active disease. These observers 
consider that some inherent reactivity of the 
worker is decisive in producing disability. 
Yet, it is seen that the high incidence of 
chronic beryllium poisoning reported by 
Slavin '® in a small group spraying radio 
tube and the variation in case 
incidence between high and low beryllium 
phosphor fluorescent lamp manufacture are 


cathodes 


samples of the importance of quality and/or 
quantity of beryllium exposure in chronic as 
well as acute disease production. The delay 
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PROGRESS REPORT ON BERYLLIUM 
between cessation of beryllium exposure and 
onset of clinically active disease, now occa- 
sionally as long as 10 years, is not under- 
stood. Gardner described this problem as 
“beryllium plus the X factor.” We have been 
impressed with precipitating factors, such as 
intercurrent infections and pregnancy. The 
epidemiology of clinical illness clearly cor- 
related with certain beryllium operations 
does allow several conclusions. These are 
that some acid salts of beryllium and various 
forms of the oxide have caused illness, acute 
and chronic, among workers and a few per- 
sons living near beryllium operations. Re- 
duction of beryllium concentration in work- 
ing environment below 25y/m.* for short and 
2y/m.* for steady exposure has prevented 
the development of acute beryllium disease 
in the past four years. Because of the delay 
in onset of the chronic disease, we do not 
yet know if these levels will prevent chronic 
beryllium poisoning. 


CLINICAL CHARACTER 

Acute Beryllium Poisoning.—As reported 
by Van Ordstrand and associates?! and 
De Nardi,* beryllium poisoning is 
characteristically related to intensity of ex- 


acute 
posure to beryllium compounds. Removal 
from exposure leads to disappearance of 
symptoms. Irritation of skin, eyes, nose, and 
throat have been reported. Cases of bron- 
chitis and pneumonitis have also been de- 
scribed by the Ohio authors reporting on 
disease in extraction and alloy manufacturing 
plants. Aub and Grier’ reported pneumo- 
nitis with similar symptoms and chest x-ray 
findings in workers exposed to the dust and 


fumes of beryllium metal and_ beryllium 
oxide. The pneumonitis may take as long 


as a week to develop after the harmful expo- 
sure and characteristically causes cough, 
dyspnea on effort, sternal pain, and a varying 
degree of cyanosis. In extreme exposures, 
or if the patient is not kept at rest with 
adequate oxygen as therapy, death may 
occur. The chest x-ray findings may persist 
for weeks and can readily be confused with 
atypical pneumonia of viral origin. 


POISONING 


According to Van Ordstrand, acute beryl- 
lium poisoning when manifested as a pneu- 
monitis is a constitutional disease giving 
weight loss and biochemical changes as does 
the chronic disease. DeNardi in a recent 
report makes the point that workers in the 
extraction industry exposed to acid beryl- 
lium salts exhibit higher concentrations of 
beryllium in urine and tissue than do workers 
in industries such as fluorescent lamp manu- 
facture studied by Klemperer.’* This finding 
occurs with and without evidence of clini- 
cally active disease, and after cessation of 
beryllium exposure. Klemperer has shown 
that beryllium is not found in the urine of 
nonexposed controls. This may mean that, 
while intensity of determines 
clinical acute beryllium reaction, the body is 


exposure 


capable to a remarkable degree of handling 
beryllium safely by excretion and_ storage. 
The amount of beryllium in urine is not an 
index of disease but of exposure. 

Chronic Beryllium Poisoning.—Chronic 
beryllium poisoning presents a variety of 
clinical syndromes. In describing such syn- 
dromes, evidence that the disease is systemic, 
rather than local pulmonary only, is stressed. 
Each syndrome has been given a title for 
the purpose of description rather than of 
insistence on such a classification. 


Asymptomatic: C. G. worked as an engineer in 
the development of fluorescent lamp manufacture 
for 4 years, leaving 10 years ago. During an attack 
of infectious hepatitis nine years ago, an abnormal 
chest x-ray was discovered. This patient has never 
missed a day’s work, admits to no symptoms, and 
has the same x-ray picture of bilateral miliary 
densities this gain experience, and 
with evidence from chest x-ray surveys, we see 
other such cases. 
Mildly Disabling: 
exposed to high beryllium phosphor for three to 


year. As we 


A 36-year-old engineer was 


four years during his work designing and perfecting 
the metal frames for fluorescent lamps. 
skin lesions on 
1948. 
desiccation, 


He noted 
raised red his face and anterior 
chest wall in These were variously treated 
chemicals, 
1949, after a mountain- 
climbing trip, this man caught cold. He did not 
recover as he thought he should and noticed dyspnea 
on effort for the first time. The x-ray showed 
thickened pleura, hilar adenopathy, and patchy bi- 
lateral densities. 


with x-ray, and excision 


without diagnosis. In 


Tuberculosis was carefully ruled 
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out. Biopsy of the skin lesions described revealed 
a granulomatous reaction diagnosed as sarcoidosis 
by dermatologists. This man now does a sedentary 
job, tires easily, and has dyspnea on exertion, such 
as walking up a slope. As in the case of asympto- 
matic disease, it is our experience that this group of 
cases of mildly disabling chronic beryllium poison- 
ing is growing. 

Febrile: A small group of cases of chronic beryl- 
lium poisoning exhibit dramatic febrile episodes 
that cannot be controlled with any drug. Such epi- 
sodes in our experience are seen in cases with a 
poor prognosis. Can it be that the febrile reaction 
reflects a mobilization of beryllium from its body 
storehouse ? 


Moderately Disabling: B. L. is a young woman 
who was exposed to beryllium oxide in ceramics 
work. She was heavily exposed to the material 
while shaking the dry material for sizing purposes 
a part of each workday for 18 months during 1944- 
1945. Her symptoms showed apex to base densities 
in both lung fields. She has had to give up even 
desk work but has never been a bed patient and 
maintains good appetite and steady weight. Such 


patients in this classification are moderately dis- 
abled. 


Acute Beryllium Poisoning Followed by Chronic 
Disease: W. S. worked in the preparation of phos- 
phors containing about 12% beryllium for use in 
fluorescent lamp manufacture. He had acute beryl- 
lium pneumonitis, with chest x-ray changes in 
1943, with complete symptomatic recovery. In 
1947 he became disabled, with cough, dyspnea, and 
weight loss. His chest x-ray showed a character- 
istic pattern of bilateral miliary densities. After 
a long course, W. S. died of chronic beryllium 
poisoning. I have first-hand knowledge of seven 
such cases. It is of interest that DeNardi® reports 
that five of his cases of occupational chronic beryl- 
lium poisoning from the extraction and beryllium 
alloy manufacturing industry had suffered acute 
beryllium tracheobronchitis at an earlier date. He 
also reports one case of acute beryllium pneu- 
monitis—the active phase occurring in 1944—which 
has never recovered and now shows x-ray evidence 
of pulmonary fibrosis. This finding of a few chronic 
cases after acute beryllium reaction raises the im- 
portant question of whether a worker who has 
shown evidence of acute beryllium poisoning of the 
respiratory tract should be allowed to return to 
beryllium exposure. If Sterner’s concept is cor- 
rect,!® such workers have demonstrated a harmful 
reaction to beryllium in any dose. It is reasonable 
that insult should not be added to injury. 

Completely Disabling: There are a number of 
cases of chronic beryllium poisoning, with ap- 
parently bad prognosis, who are completely dis- 
abled. These patients may have lived as long as 
eight years dependent on nearly total rest with 
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oxygen handy. Varying from case to case, at in- 
tervals, can be demonstrated evidence of negative 
nitrogen balance, liver involvement, splenic en- 
largement, increase in total protein and gamma 
globulin, and altered alkaline phosphatase. Renal 
calculi occur in about 20% of all cases of the dis- 
ease, with and without detected hypercalciuria or 
hypercalcemia—often causing little disability. As 
expected, cor pulmonale develops if the patient 
lives long in this state. The mortality rate is at 
present 20%-25%, and our Massachusetts General 
Hospital data show complete invalidism of 50%- 
60% of the cases. 

“Recovery”: Partial recovery, or better, spon- 
taneous remission, may occur in chronic beryllium 
poisoning. We know of no case in which the pa- 
tient has become symptom- and sign-free after a 
serious episode of illness. F. L., whose case is re- 
ported,? represents a remission. This man had been 
exposed to high beryllium phosphor in fluorescent 
lamp manufacture. He was desperately ill for more 
than a year. Now, seven years after sufficient re- 
covery to go back to his desk job, he still shows 
fine x-ray densities and evidence of right heart 
strain. He has passed small renal calculi on three 
occasions and has at intervals brief bouts of un- 
explained chills and fever, from which he spon- 
taneously recovers. 

These case histories are given to illustrate 
the protean manifestations of toxic beryllium 
effect. The varied clinical pictures and bio- 
chemical changes appear to be evidence that 
beryllium poisoning is a constitutional dis- 
ease. Van Ordstrand # and De Nardi * agree 
with this, but Wilson 7 and, doubtless, others 
do not and prefer to consider this disease 
purely pulmonary. 

The question arises as to whether the in- 
crease in the period of delay in onset between 
cessation of beryllium exposure and clinically 
active disease may change the prognosis. 
DeNardi ¢ believes not from his experience. 
However, the new cases of chronic beryllium 
poisoning we see currently are not following 
the malignant course of those first seen in 
1945-1947 from fluorescent lamp manufac- 
ture using 12% beryllium phosphor. This 
may be because at least some of the cases 
are from different beryllium exposures, dif- 
ferent both qualitatively and quantitatively. 


# Van Ordstrand, H. S.: Unpublished data. 
* DeNardi, J. M.: Unpublished data. 

+ Wilson, S. A.: Unpublished data. 

t De Nardi, J. M.: Unpublished data. 
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It is of practical clinical importance to 
know that there have been a_ negligible 
number of acid-fast infections complicating 
chronic beryllium poisoning. We know of 
only four such cases. Further, although ani- 
mal experimentation shows that Gardner’s ° 
finding of osteogenic sarcoma in beryllium- 
exposed rabbits can be successfully re- 
peated,’* there has been no clinical experience 
to incriminate beryllium as a carcinogen. 
There has been only one case which clinically 
appeared to be chronic beryllium disease and 
at autopsy proved to be pulmonary adeno- 
carcinoma. No characteristic histopathology 
of the chronic beryllium reaction was de- 
scribed in this case. Minute but measurable 
amounts of beryllium were detected in the 
lung. In one other instance reported by 
DeNardi,$ beryllium was found in necropsy 
tissue of an exposed worker whose lungs 
showed bronchogenic carcinoma. This man 
had had acute beryllium pneumonia. These 
reports are of interest but certainly not valid 
at this time in relating beryllium exposure 
to malignant disease. 


TREATMENT 


Corticotropin and cortisone have been 
shown to affect beryllium disease to a re- 
markable degree. Pulmonary function study | 
demonstrates real improvement in the diffu- 
sion difficulty characteristic in many but not 
all cases of chronic beryllium poisoning 
studied. Biopsy study before and after treat- 
ment has been reported by some observers 
as showing no change and by others as 
demonstrating decrease in the number of 
characteristic granulomata.{ In many cases 
the x-ray densities of chronic beryllium 
poisoning have shown definite lightening 
with treatment. Current experience is that 
the x-ray picture may improve or may pro- 
gress unfavorably as shown by emphysema, 
spontaneous pneumothorax, and increase in 
the size and number of the densities in spite 


§ De Nardi, J. M.: Unpublished data. 
|| References 8, 15, and 24. 
{ Occupational Medical Clinic, Massachusetts 


General Hospital, and Van Ordstrand, H. S.: Un- 
published data. 


of treatment and symptomatic improvement. 
Klemperer '* has shown that cortisone does 
not increase the excretion of beryllium. The 
action of corticotropin and cortisone on other 
systemic effects of beryllium is interesting 
and the mechanism mystifying. Enlarged 
liver, spleen, and hilar nodes may be reduced 
to normal size; disturbed liver function as 
reflected in sulfobromophthalein ( Bromsul- 
phalein) sodium retention may be reversed. 
(gamma globulin levels are restored to normal 
values by treatment with corticotropin or 
cortisone. Recent experience has given evi- 
dence, on the other hand, of the relentless 
progress of chronic beryllium poisoning in 
some cases in spite of a relatively symptom- 
free status of the patient following the use 
of these drugs. In one carefully followed 
case, emphysema developed in spite of treat- 
ment; in another, abnormal liver function 
tests and increase in x-ray-visible pathology 
of the chest, in spite of improved pulmonary 
function values and few symptoms, suggest 
that we do not have a cure for beryllium 
poisoning in either corticotropin or cortisone. 

There have been few untoward side-effects 
in the cases treated with steroids. Transient 
glycosuria, gastritis in two cases, two frac- 
tured ribs, and one questionable psychiatric 
reaction make up our present experience and 
do not seem real deterrents in using the drug 
in view of the poor prognosis of this disease. 
The hypercalciuria induced by cortisone may 
give future serious trouble when the drug is 
continued for long periods. We use short, 
high-level course of corticotropin, followed 
by long-term use of oral cortisone in dosages 
which will control dyspnea and cough. Dif- 
fering from Van Ordstrand *° and De Nardi,# 
Wilson,* Hasterlik,"’ Kline,’* and our group 
use these drugs in certain cases of chronic 
beryllium poisoning that are less than se- 
verely disabled. In a few chosen cases, we 
have treated workers with only x-ray changes 
and perhaps dyspnea on strenuous exercise, 
where the diagnosis has been made on epi- 
demiological grounds and beryllium has been 


# De Nardi, J. M.: Unpublished data. 
* Wilson, S. A.: Unpublished data. 
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found in the urine. It is too early to know 
whether or not this approach is worthwhile. 


In summary, we believe that either cortico- 
tropin or cortisone, or both, used in dosages 
to control symptoms for long-term courses 
varied to suit the individual case, are of real 
merit in the treatment of chronic beryllium 
poisoning. We do not believe that these 
drugs are curing the disease, but they are 
providing at least some patients with means 
for more efficient handling of the toxic insult. 
There has been a good deal of interest in 
Schubert’s '? use of aurintricarboxylic acid 
(A. T. A.) to improve the survival time of 
animals acutely poisoned with certain beryl- 
lium compounds. Finkel + has shown that 
sodium salicylate, chemically allied to aurin- 
tricarboxylic acid, will also provide some 
protection to beryllium-poisoned animals. 
Work with chronically poisoned animals, 
such as those of Dutra* showing granulom- 
atous skin reaction to beryllium, and toxic- 
ity studies on aurintricarboxylic acid are 
awaited with great interest. If this chemical 
should prove the specific for the toxic beryl- 
lium ion, as Schubert postulates, it may be, 
as speculated, that corticotropin or cortisone 
might have an effect on the granulomatous 
reaction of chronic beryllium disease, after 
which aurintricarboxylic acid could act. 


COM MENT 


This communication is presented as a 
progress report to keep the accumulating 
knowledge of beryllium poisoning docu- 
mented. A registry is being set up to 
collect and correlate such data. Such a 
registry can help clinicians treating patients, 
industrial hygienists in plants where beryl- 
lium compounds are in use, and investigators 
who want to check animal studies with 
human pathology. The freedom of the Ohio 
beryllium extraction and alloy manufacturing 
plant population from acute beryllium pneu- 


+ Finkel, A.: Unpublished data. 

¢ This is known as the Beryllium Case Registry. 
It is located at the Massachusetts General Hospital, 
Boston, and is supported by funds from the Atomic 
Energy Commission, Division of Biology and Medi- 
cine, Washington, D. C. 
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monitis with the introduction of industrial 
hygiene protection is noteworthy in establish- 
ing the AEC recommended M. A. C. of 25y 
of Be/m.* for any exposure, however short. 
Since new cases of chronic beryllium disease 
continue to appear five years and longer alter 
the last exposure, time only can tell whether 
or not the arbitrarily recommended figure 
of 2y of Be/m.* for chronic exposure is a 
reliable figure. 
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Interest in determining the concentrations 
of ozone (or “oxidant”) in the atmosphere 
at ground level has been stimulated by re- 
ports from Los Angeles, where it was ob- 
served that the concentrations of oxidant 
increase with the severity of the smogs. Con- 
centrations of oxidant as high as 80 parts 
per hundred million (pphm) have been re- 
corded in Los Angeles during heavy smog, 
in contrast to a usual level of 2 to 3 pphm 
under good weather conditions.* 

No sensitive specific method for the de- 
termination of ozone (oxidant) is available, 
and at the present time the method de- 
pending on the measurement of the amount 
of iodine liberated by ozone from a buffered 
potassium iodide solution * appears to be the 
best for use with continuous recording equip- 
The interferences in this method are 
generally recognized, but experimental data 
concerning the extent of the interferences 
are rarely presented. 


ment. 


From the present 
knowledge of air pollution, consideration 
need be given only to the interferences by 
sulfur dioxide, chlorine, and nitrogen di- 
oxide. 

This paper, therefore, considers the inter- 
ferences, presents the observations made in 
10 American cities, and suggests a method 


From the Kettering Laboratory in the Depart- 
ment of Preventive Medicine and Industrial Health, 
University of Cincinnati College of Medicine. 


Presented at the 126th National Meeting of the 
American Chemical Society, Symposium on Ana- 
lytical Methods and Instrumentation in Air Pollu- 
tion, New York, Sept. 14, 1954. 

* References 1 and 2. 
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for calculating from the interference by 
sulfur dioxide the maximum concentration 


of oxidant which could have been present. 


METHOD 

The concentrations of oxidant were de- 
termined by measuring the amounts of iodine 
which were liberated from a buffered solution 
of potassium iodide. The iodine was meas- 
ured photometrically and recorded continu- 
ously on a strip chart as pphm oxidant. This 
method was identical with the one used in 
the Los Angeles area and was chosen de- 
liberately in order that the data might be 
comparable with those obtained in that com- 
munity. The instrument described by Litt- 
man and Benoliel * was modified slightly by 
employing a different type of chart recorder 
and by some changes in the optical system. 
The instrument will be described in a later 
publication, but the principal modifications 
involved the use of a four-channel recorder, 
which made possible the inclusion of an op- 
tical path so that the zero of the instrument 
could be recorded continuously from the op- 
tical density of the purified stock solution 
before it passed to the scrubber. The type of 
recorder employed also made it possible 
to provide the instrument with a second 
scrubber and a third optical path, so that the 
one instrument could record simultaneously 
the concentrations of oxidant in two different 
air streams. 

INTERFERENCES 

The response of the recorder to air con- 
taining various quantities of nitrogen di- 
oxide, chlorine, and sulfur dioxide was de- 
termined by sampling synthetic atmos- 
pheres, which were prepared in a large 
chamber constructed from heavy sheet metal. 
A baked-on Bakelite-type varnish, known as 
Lastiglas, protected the walls of the chamber 
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from attack by the acid gases. The chamber 
had a capacity of 2570 liters, so that the pre- 
pared atmosphere was decreased in composi- 
tion by only 10% after a period of 50 min- 
utes when air was removed from the chamber 
at a rate of 5 liters per minute. 

Nitrogen dioxide in the atmosphere caused 
the instrument to record increased concen- 
trations of oxidant. However, the response 
Was approximately one-fifth of the amount 
of nitrogen dioxide as determined by the 
Griess-Ilosvay reaction. A mixture of solu- 
tions of sulfanilic acid and alpha naphthyla- 


Effect of Nitrogen Dioxide on the 
Concentration of Oxidant indicoted 
on the Recorder 
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Fig. 1—Effect of nitrogen dioxide on the con- 
centration of oxidant indicated on the recorder. 


mine and 5-liter grab samples were used in 
the analysis. A reproduction of the tracings 
in one of the test runs is shown in Figure 1. 
The response of the recorder for repeated 
additions of the quantities of nitrogen di- 
oxide (Matheson, 98% nitrogen dioxide) 
indicated by the arrows is seen to average 
approximately 1 part oxidant for each 5 parts 
of nitrogen dioxide present. Little informa- 
tion is available concerning the concentra- 
tions of nitrogen dioxide in the general at- 
mosphere. Calculations of the concentrations 


of nitrogen dioxide based on the determina- 
tion of total nitrate (a method most fre- 
quently used for this purpose) yield values 
which average about 0.10 ppm nitrogen di- 
oxide.® Such concentrations of nitrogen di- 
oxide per se would cause the recorder to be 
in error by only 2 pphm. The maximum 
error in recorded “oxidant” values which are 
to be interpreted as “‘ozone,”’ however, is un- 
known. This error must be established in 
each situation by means of a simultaneous 
determination of nitrogen dioxide in the air. 
There is need for a continuous recorder for 
this purpose, but satisfactory information 
concerning the quantities of nitrogen dioxide 
present in the atmosphere may be obtained 
by applying the Griess-Ilosvay reaction to a 
grab sample of 2 to 4 liters of air collected 
at the same time that the peak “ozone” con- 
centration is indicated by the recorder. Since 
the general term “oxidant” would include 
nitrogen dioxide, corrections are indicated 
only for those situations where the values are 
to be expressed as “ozone.” Corrections of 
this nature are not considered in this report. 

Chlorine also causes the recorder to indi- 
cate high concentrations of oxidant. For- 
tunately, this gas is rarely present in the at- 
mosphere, and for this reason it does not 
constitute a serious interference in the deter- 
mination of oxidant. The total chloride con- 
tent of the atmosphere of the average indus- 
trial community is generally low, averaging 
about 2 pphm, and seldom reaches a concen- 
tration greater than 5 pphm.® Tests with 
chlorine gas in the laboratory revealed that 
the recorder responded promptly but not 
stoichiometrically. The concentrations indi- 
cated on the chart decreased rapidly after 
reaching a peak concentration, showing 
either that the gas was rapidly forming hy- 
drochloric acid with the moisture in the air 
or that it was being removed on the walls of 
the chamber. 

Concentrations of sulfur dioxide at 62, 
38, and 15 pphm in the presence of 22, 11.8, 
and 8 pphm of ozone (oxidant), respec- 
tively, caused serious reductions in the re- 
corded values of the oxidant. The oxidant 
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Fig. 2.—Effect of sulfur dioxide on the concentration of oxidant indicated on the recorder. 


was reduced in concentration to the extent of 
1 pphm by approximately 3 pphm of sulfur 
dioxide. Figure 2 illustrates the response of 
the recorder in these tests. 

It is apparent, therefore, that of the three 
contaminants investigated sulfur dioxide 
caused the most serious interference in the 
determination of oxidant by the recorder. It 
was anticipated that oxidant levels ap- 
proaching zero in concentration would be 
obtained by the use of the recorder when 


much sulfur dioxide was present in the at- 
mosphere. This was indeed the case in a 
number of communities, particularly in 
Philadelphia, Elizabeth, N. J., and Whiting- 
Hammond, Ind. Figures 3, 4, and 5 are 
records obtained on three days when high 
values of sulfur dioxide were obtained for 
each city. Figure 6 is the record for a day 
in Charleston, W. Va., when a heavy smog 
was present. Again the concentrations of 
oxidant varied inversely with those of sulfur 
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Fig. 3—Comparison of recorder oxidant values with high concentrations of sulfur dioxide 


obtained on a day in Philadelphia. 
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Fig. 4.—Comparison of recorder oxidant values with high concentrations of sulfur dioxide 


obtained on a day in Elizabeth, N. J. 


dioxide, but none below 1 pphm were re- 
corded. Figure 7 is a typical example of the 
type of tracing obtained on days when the 
values recorded for sulfur dioxide were low. 

The data illustrated by the charts represent 
the average amounts of oxidant for each 


Time of Day 


PM 


15-minute interval of the test period. The 
concentrations of sulfur dioxide*which are 
indicated are also average values but for one- 
hour periods of sampling. The dashed lines 
are not concentration limits but are used to 
connect the average concentrations of sulfur 
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Fig. 5—Comparison of recorder oxidant values with high concentrations of sulfur dioxide Bs. 


obtained on a day in Whiting, Ind. 
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Fig. 6—Graph showing recorder oxidant concentrations and concentrations of sulfur dioxide 


on a smoggy day in Charleston, W. Va. 


dioxide plotted as circles at the midpoints of 
each sampling period. The horizontal lines 
which are drawn through the circles give the 
average concentrations for the individual 
sampling periods. These concentrations of 


sulfur dioxide were determined iodometri- 


cally by the Goldman method,’ in which an 
alkaline iodine solution was used to collect 
the gas. The method gives low results but 
was used in this work because it provided 
the most convenient means for obtaining the 
approximate concentration of sulfur dioxide 


Whiting— Hammond, ind. 6-16-54 

Weather: T=78°-89°F. Clear, Wind SSW 

16 

j 

s oF 

7 8 = 5 6 

AM 


Time of Days 


Fig. 7—Graph showing typical recorder oxidant values on clear days when low concentra- 


tions of sulfur dioxide were found. 
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directly in the field. This type of analysis is 
necessary if it is desired to calculate the 
maximum concentration of oxidant by the 
method described below. 

The reaction of ozone with potassium 
iodide and that of sulfur dioxide with iodine 
are given by the following equations: 

(1) KI+H:0—-0.+2 KOH+1. 
(2) 


According to these reactions, the interfer- 
ence should be of the order of 1 part of ozone 
by 1 part of sulfur dioxide. The reduction of 
1 pphm ozone by approximately 3 pphm 
sulfur dioxide indicated by the recorder as in 
Figure 2, however, suggests that the inter- 


15-minute intervals from the tracings. The 
order applies only to the conditions encoun- 
tered during these tests. In addition to the 
concentrations of oxidant, Table 1 also con- 
tains data concerning the values of sulfur 
dioxide obtained by two different methods. 
The second method, that indicated as the 
total sulfate method, consisted of passing air 
at a rate of 1 c.f.m. through an impinger con- 
taining 100 ml. of 0.2 N sodium hydroxide. 
These samples were returned to the labora- 
tory, where, after oxidation with bromine, 
their contents of total sulfate were deter- 
mined from the amount of barium sulfate 
which was precipitated on adding a solution 


TABLE 1.—Summary of Average, Minimum, and Maximum Concentrations of Oxidant and of 


Sulfur Dioxide in the Atmosphere of a Number of American Cities 


Oxidants, Pphm 


City Ave. Min. Max. 
3.9 0.3 7.8 
Whiting, Ind. (Chicago) 3.7 0.0 10.0 
Cineinnati, Ohio .......... 3.3 0.2 8.0 
Philadelphia, Pa. 1.5 0.0 5.0 
Ths. 0.9 0.0 2.8 


ference is not due to reactions with the iodine 
or the iodide but that in aqueous solution 
ozone oxidizes the sulfur dioxide, probably 
according to the following reaction: 

(3) 3 SO:+O:4+3 H:SO, 


This reaction is possibly oversimplified but 
appears to express the results which were 
observed. 
COMMENT 

The concentrations of oxidant which were 
obtained by the use of the recorder in a 
number of American cities are summarized 
in Table 1. 
few days only, but the investigation covered 
a variety of weather situations, including a 


Each city was investigated for a 


few days of heavy smog. The cities are ar- 
ranged in descending order of the average 
amounts of oxidant that were calculated for 


Sulfur Dioxide from 
Total Sulfate After 
Trapping in Alkali, Ppm 


Sulfur Dioxide by Alkaline 
Iodine Method, Ppm 


Ave. Min. Max. Ave. Min. Max. 
0.04 <0.01 0.26 0.11 <0.01 0.63 

<0.02 <0.01 0.02 
0.04 <0.01 9.12 0.08 <0.01 0.35 
0.06 <0.01 0.35 0.17 0.01 1.22 
0.04 <0.01 0.22 0.07 <0.01 0.33 
0.06 0.01 0.17 0.10 <0.01 0.43 
0.03 <0.01 0.13 0.02 <0.01 0.10 
0.08 0.01 0.17 0.09 <0.01 0.22 
0.05 <0.01 0.12 0.09 <0.01 0.22 
0.12 <0.01 0.38 0.20 <0.01 0.38 


of barium chloride. A turbidimetric method 
was used to measure the amount of sulfate 
which had been precipitated. The data for 
sulfur dioxide by the two methods are ana- 
lyzed further in Tables 2 and 3, which give 
the frequencies of the occurrence of the 
concentrations which were found. In these 
Tables, the cities are arranged in the 
order of the decreasing average quantities of 
sulfur dioxide. A trend in the order which 
is generally the reverse of that shown for the 
oxidant is noted. The order is not exact, since 
a few peak concentrations affected the aver- 
ages unduly and produced higher average 
values for some communities, despite the 
fact that most of the levels of sulfur dioxide 
may have been rather low. This was par- 
ticularly true of Whiting, Ind., where only 
7 of 47 values exceeded 0.10 ppm. 
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The samples analyzed by the two methods 
were collected simultaneously so that the re- 
sults could be compared. It may be observed 
that, except for Detroit, the concentrations 
of sulfur dioxide obtained by the alkaline 
iodine method are lower than those deter- 


mined by the total sulfate method. These 
data and the laboratory tests described above 
suggest a mechanism for calculating the 
maximum concentrations of oxidant which 
could have occurred. Table 4 compares the 
data obtained on a number of occasions when 


TABLE 2.—Distribution of the Concentrations of Sulfur Dioxide Determined Iodometrically in 
a Number of American Cities 


Concentration Range, Ppm 


0.025 0.05 0.075 0.10 0.125 0.15 0.175 0.20 \ Total 
0 to to to to to to to to and No. 

City 0.024 0.049 0.074 0.099 0.124 0.149 0.174 0.199 Over Samples 
12 5 3 3 5 2 1 14 45 
2 4 14 10 6 2 1 39 
Whiting, Ind. (Chicago)......... 29 5 2 4 1 1 5 47 
7 15 14 8 3 1 1 49 
7 12 13 7 4 oe 43 
29 5 3 3 1 1 2 44 
23 2 2 3 3 33 
29 9 2 5 ee 1 ee 46 


* Autometer readings. 


TABLE 3.—Distribution of the Concentrations of Sulfur Dioxide (Calculated from Total Sulfate) 
Found in a Number of American Cities 


Concentration Range, Ppm 


0.02% 0.05 0.075 010 0.1% 0.15 0.17 020 Total 

0 to to to to to to to to and No. of 

City 0.024 0.049 0.074 0.099 0.124 0.149 0.174 0.199 Over Samples 
10 6 4 2 1 8 19 45 
Whiting, Ind. (Chicago)......... 14 10 7 2 2 e 2 2 8 47 
26 2 2 1 2 3 1 7 44 
4 18 8 7 7 2 2 2 
3 1 10 4 4 4 2 39 
Akron, Ohio 3 9 6 8 6 4 4 1 2 43 
CE Se 5 2 10 3 6 2 3 1 32 
Cincinnati, Ohio .........sscccee. 5 11 4 1 1 3 25 


TaBLE 4.—Concentrations of Sulfur Dioxide (Pphm) by Different Analytical Methods When 
Oxidant Levels Were Low 


Train 
Sulfur 
Dioxide by Sulfates in 
Alkaline Sulfur Electrostatic Sulfur 
Iodine Dioxide in Precipitator Dioxide 
Oxidant Method Impinger (1) (688) C+D 
City d B Cc D E 
0.4 (4.4) 20 32 3 | 33 
0.2 (4.5) 16 29 1 | 87 
0.8 (3.4) 17 25 1 26 
1.2 (2.5) 10 14 1 15 
1.2 (2.5) 10 14 3 17 
0.5 (4.5) 7 19 2 21 
12 3 1 1 2 
0.4 (0.7) ll 12 1 13 
1.7 1 1 1 2 
Whiting, Ind. (Chicago)............... 0 (26) 35 113 7 120 
0.3 (6.6) 24 43 6 49 
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low concentrations of oxidant were indicated 
by the recorder at a time when different 
methods were used to determine the presence 
of sulfur dioxide. Column B gives the con- 
centrations of sulfur dioxide by the alkaline 
iodine method (low because of oxidation), 
while Columns C and D give the concentra- 
tions of sulfurous materials when a train 
consisting of an impinger containing 0.2 N 
sodium hydroxide preceded by an electro- 
static precipitator was employed to sample 
the air at the same time as the sample repre- 
sented in Column B was being collected. 
Gaseous sulfurous materials were collected 
in the impinger, while sulfuric acid mists, or 
salts of sulfurous and sulfuric acids, were 
retained by the precipitator. In the present 
investigation it was evident that most of the 
sulfurous material in the atmosphere was 
gaseous. (Similar tests in other communities 
have indicated that, except in special situa- 
tions, the sulfurous material in the atmos- 
phere is gaseous—generally sulfur dioxide— 
rather than particulate in nature.) The totals 
for the summation of the quantities under 
Columns C and D are recorded under Col- 
umn E for all results except those for Eliza- 
beth, N. J. The values recorded in this ex- 
ception represent the findings obtained for a 
third sample taken simultaneously with those 
described as Column B and as the train. 
These results are included to show that the 
total sulfate method is generally satisfactory 
for the determination of the total quantity of 
“sulfur dioxide” in the atmosphere. There- 
fore, within the limitations described below, 
if one-third of the difference between the 
values obtained by the total sulfate method 
and the alkaline iodine method represents the 
oxidation of sulfur dioxide to sulfate by ozone 
(oxidant) in the scrubber, then the maxi- 
mum concentrations of oxidant (ozone) 
which could have been present may be repre- 
sented by the values in the parentheses under 
Column A (the recorded value plus one- 
third of the difference). 

The correction is made here only tenta- 
tively, for its validity will require more field 


and laboratory work. The correction will be 
valid when only ozone and sulfur dioxide are 
present. However, for the analysis of sam- 
ples collected in the field, because of the com- 
plexity of the composition of the atmosphere 
and its continual change, additional work will 
be necessary to establish other possible inter- 
ferences (nitrogen dioxide and combinations 
of this gas with sulfur dioxide). When the 
concentration of sulfur dioxide is near the 
detectable limit, corrections are negligible, as 
is apparent from the data listed in Table 4 
for Detroit and Akron. The data for Whiting 
indicate an unusually high maximum oxidant 
value in the first series of samples. Here the 
difference between the findings in Columns 
B and C suggests an interference which re- 
sulted in a calculated maximum concentra- 
tion of oxidant of 26 pphm. Since at the time 
of collection of these samples the wind shifted 
so as to place the sampling station downwind 
from a refinery area, strong odors of petro- 
leum products were present. It may well be 
that the 113 pphm of gaseous sulfurous com- 
pounds indicated by the impinger of the train 
collector contained a number of gaseous sul- 
furous materials in addition to sulfur dioxide. 
These materials may have been hydrogen sul- 
fide, mercaptans, or alkyl sulfides, which are 
readily trapped in alkali but which may have 
reacted too slowly with the iodine solution. 

A Thomas autometer can be substituted 
for the total sulfate method used in this work. 
However, it should be borne in mind that the 
Thomas autometer is no more specific for 
sulfur dioxide than the total sulfate method 
and that due consideration must be given the 
particular situation. If particulate sulfates 
are suspected, then the “‘train’’ method must 
be used to obtain the values under Columns 
E or C of Table 4. 

A great deal of data concerning the con- 
centrations of sulfur dioxide by the 10do- 
metric and total sulfate methods had been 
collected in this investigation, and therefore 
it was of interest to examine the average 
values for oxidant relating to the periods of 
time that this information was being col- 
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lected. These concentrations of oxidant are 
listed in Tables 5 and 6. Table 5 lists the 
uncorrected hourly average, minimum, and 
maximum concentrations of oxidant and 
gives the frequencies of the occurrence of the 
average hourly concentrations. Table 6 lists 


similar types of data which have been cor- 
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higher concentrations of oxidant were associ- 
ated with heavy smog in Charleston, W. Va., 
as well as on two occasions in Elizabeth when 
a slight haze persisted for a period of time. 
The lowest concentrations of oxidant usually 
were obtained on cloudy days or when it 
rained for an appreciable length of time. 


TABLE 5.—Average Hourly Concentrations of Oxidants (Pphm) for Periods During Which 
Samples for Sulfur Dioxide Analysis Were Collected 


(In Descending Order of Hourly Average Concentration) 


Concentration Range 


Hourly Concentration 0 2.0 4.0 6.0 8.0 

Samples, ——- — — to to to to to Over 
City No. Ave. Min Max. 1.99 3.99 5.99 7.99 9.99 10 
42 4.8 1.8 6.8 1 9 22 10 oe 
add 32 3.9 1.0 7.2 3 15 10 ee 
24 3.5 2.0 6.0 17 6 1 ee 
Whiting, Ind. (Chieago)................65 44 3.1 0.0 5.5 11 17 16 oo ee oe 
40 2.6 0.8 4.8 11 27 2 oe ee 
38 2.5 11 4.6 15 19 4 ee ee oe 
36 1.1 0.0 3.8 30 6 ° ee 


TABLE 6.—Average Hourly Concentrations of Oxidants (Pphm) for Periods During Which 
Samples for Sulfur Dioxide Analysis Were Collected, Corrected by Tentative Method 


(In Descending Order of Hourly Average Concentration) 


Concentration Range 


Hourly Concentration 0 2.0 4.0 6.0 8.0 

Samples, — to to to to Over 
City No. Ave. Min Max. 1.99 3.99 5.99 7.99 9.99 10 
Whiting, Ind. (Chicago).................+. 44 7.0 1.0 31 1 6 25 6 1 5 
6.8 3.3 18.8 3 21 10 5 3 
32 5.8 2.0 10.5 3 15 11 2 i 
24 4.9 2.6 10.2 9 4 1 1 
40 3.9 2.4 6.5 22 16 2 
41 3.3 0.3 18.5 20 ll 4 4 1 2 
36 1.7 0.2 5.5 24 9 3 ee ee 


rected by one-third of the difference between 
the quantities of sulfur dioxide obtained by 
the two methods. The calculated maximum 
hourly average for each city is approximately 
twice that shown in Table 5, but the great 
majority of the concentrations are well 
within the limits of 0 to 11.4 pphm “ozone” 
reported for various locations in Europe.‘ 
Of interest also was the observation that the 
uncorrected values did not show a clear-cut 
correlation with the weather conditions. In 
the case of the calculated maximum values, 
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It is apparent from this discussion that 
methods which are currently used for the de- 
termination of oxidant lack specificity but 
that some basic comparative information con- 
cerning the probable maximum concentra- 
tions of oxidant (ozone) can be obtained. 
The same lack of specificity noted for the de- 
termination of oxidant exists in the deter- 
mination of sulfur dioxide, and it is clear that 
if the data on air pollution are to be used for 
comparative purposes the limitations of the 
analytical methods in the situation being in- 
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vestigated must be known. This applies not 
only to the contaminants discussed in this re- 
port but also to all the gaseous pollutants, 
since almost without exception none of them 
are determined specifically by the analytical 
methods in current use. 

The work described was carried out under the 


financial sponsorship of the American Petroleum 
Institute. 
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News and Comment 


SOCIETY NEWS 


American Academy of Occupational Medicine.—The Seventh Annual Meeting of the 
American Academy of Occupational Medicine was held at the Hotel Warwick in Philadelphia 
on Feb. 10 and 11, 1955, with an attendance of approximately 150 Members, Fellows, and guests. 
They were presented with a varied program which included such topics as Ultrasonics, Electro- 
myography, Ballistocardiography, and Body Mechanics. There were two excellent papers on 
Lead Exposure and a number of discussions of administrative and philosophical problems in 
Occupational Medicine. The speaker at the Annual Dinner was Dr. Adolph Kammer who 
described and illustrated some of his recent experiences in Latin America. 

Officers of the Academy for the coming year will be: President, Frank Princi, M.D.; 
Vice-President, E. E. Evans, M.D., with Irving R. Tabershaw, M.D., and Leonard J. Gold- 
water, M.D., reelected to the offices of Treasurer and Secretary, respectively. Lamson Blaney, 
M.D., was elected to the Board of Directors for a term of three years and Joseph Quigley, 
M.D., for a term of one year to fill the unexpired term of Dr. Evans. Dr. Arthur F. Mangels- 
dorff and Dr. D. John Lauer continued as members of the Board of Directors. 

New Members elected were: Norman Boyer, M.D., Ecusta Paper Corporation, Pisgah 
Forest, N. C.; Jan Lieben, M.D., American Cyanamid Company, Bridgeville, Pa.; Wilbur F. 
MacDonald, M.D., General Electric Company, Schenectady, N. Y.; Michael Messina, M.D., 
Pratt and Whitney Aircraft, East Hartford, Conn.; Richard D. Mudd, M.D., Chevrolet-Saginaw 
Grey Iron Foundry, Saginaw, Mich.; Ernest A. Terry, Jr., M.D., General Electric Company, 
Louisville, Ky., and Walter G. Vernon, M.D., Radio Corporation of America, Camden, N. J. 

Marvin L. Amdur, M.D., of Buffalo, presented a paper on Small Plant Medical Services 
in partial fulfillment of the requirement to be elevated from Member to Fellow. Dr. Rufus B. 
Crain, of Rochester, N. Y., and Dr. Frank T. Oberg, of Bridgeport, Conn., were designated as 
Fellows Emeritus. 

A unique part of the program was a discussion and inspection of the Sidney Hillman Medical 
Center, which is operated by the Amalgamated Clothing Workers Union of Philadelphia. 

Robert A. Kehoe, M.D., was chosen to be the representative of the American Academy of 
Occupational Medicine to the American Board of Preventive Medicine. 
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Toxicity of thee Vapor of Amyl Vhtrate 


JOSEPH F. TREON, Ph.D. 
FRANK P. CLEVELAND, M.D. 
and 


JOHN DUFFY, M.D., Cincinnati 


The development of a mixture of isomeric 
amyl nitrates as a cetane improver in diesel 
fuel gave rise to the advisability of ascer- 
taining the order of magnitude of the tox- 
icity of this additive. 

The material employed was a mixture of 
several primary normal and branched chain 
amyl nitrates with only a trace of amyl al- 
cohol. This clear, slightly yellow liquid has 
a density at 20/4 C of 0.997, a flash point 
(closed cup) of 42 C, and a boiling range 
of 150 to 155 C. It is unstable at the boiling 
point and should not be distilled at pres- 
sures exceeding 50 mm. of mercury. This 
material is miscible with hydrocarbons and 
is soluble in water to the extent of 0.3%. 

The molecular weight of amyl nitrate 
(C5HyO3N) is 133.146. The vapor pres- 
sure of isoamyl nitrate (C;H,,03N), as re- 
ported by Stull, is 1, 5, 10, 20, 40, 60, and 
100 mm., respectively, at 5.2, 28.8, 40.3, 53.5, 
67.6, 76.3, and 88.6 C. By plotting these 
values logarithmically against 1000 times 
the reciprocals of temperature (°K), the 
vapor pressure at 25 C was found to be 3.85 
mm. of mercury, from which it may be cal- 
culated that air in equilibrium with isoamyl 
nitrate at 25 C and 745 mm. of mercury 
would contain 27.57 mg. per liter. Compara- 
ble data on the other amyl! nitrates are not 
available. 

The concentration of 1 mg. per liter is 
equivalent to 187.44 ppm by volume at 
745 mm. and 25 C. 


From the Kettering Laboratory in the Depart- 
ment of Preventive Medicine and Industrial Health, 
University of Cincinnati College of Medicine. 
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The sickeningly sweetish odor of this 
compound was noticeable in air containing 
the lowest concentration (1.4 mg/l.) em- 
ployed in these experiments. 


EXPERIMENTAL METHODS 


Exposure of Animals to the Vapor of Amyl 
Nitrate in Air—The groups of animals employed 
in the several experiments consisted generally of 
two guinea pigs, five mice, two rabbits, and four 
rats; in several experiments a cat was included. 

The animals were confined in a 283 liter wooden 
cage,2 coated on the inside with a chemical-resistant 
paint. The cage was equipped with a fan and a 
fluorescent light. The behavior of the animals could 
be observed through a door fitted with a glass win- 
dow which was protected by a wire-mesh screen. 
By means of a moving, tightly fitting glass plunger, 
activated by a synchronous motor through a set of 
gears and a screw drive,? liquid amyl nitrate was 
forced gradually from a long glass tube of uniform 
diameter through a sealed-on capillary tube onto 
glass wool in a glass receptacle, where it was 
allowed to evaporate into a stream of air passing 
at a measured rate into the chamber. The vaporiza- 
tion of the amyl nitrate in the glass receptacle was 
facilitated by gentle heat applied to the receptacle 
by passing an electrical current, controlled by means 
of a Variac, through a winding of Nichrome wire. 
The rate of flow of liquid into the glass receptacle 
could be varied as needed from experiment to ex- 
periment, either by altering the gear-ratio of the 
plunger mechanism or by employing a supply tube 
and plunger of different diameter. Air streaming 
at 10 to 60 liters per minute, from one or two Gast 
Rotary Blast and Suction Pumps as required, after 
passing through a calcium chloride tower, picked up 
the volatilized amyl nitrate and carried it into the 
chamber. In starting an experiment, amyl nitrate 
was evaporated from a heated cloth wick into a 
chamber in sufficient quantity to yield a concentra- 
tion within the chamber equal to that in the influent 
air. 

Determination of Amyl Nitrate in Air.—In all 
experiments except that in which the concentration 
was least, from two to five samples were collected 
daily in an evacuated glass bulb holding 2.100 liters. 
A bulb holding 11.798 liters was employed for 
the concentration of 1.4 mg. per liter. The amyl 
nitrate present in the air sample was then absorbed 


x 
4 
Pe 
isk 
A 
: 
Fi 
‘ 


) 


TRANSMISSION (PER CENT 


© 


2.0 mm. Slit 
1O mm. Celis 
235 mp 


it 1 1 
100 200 300 400 500 600 700 800 
CONCENTRATION OF AMYL NITRATE IN ALCOHOL, ¥/mi 


Fig. 1—Standardization curve for the determin- 
ation of atmospheric concentrations of amyl nitrate. 


in a suitable quantity of redistilled ethyl alcohol 
released into the bulb from an auxiliary bulb by 
opening an interposed stopcock. The volume of 
alcohol was 100 ml., when the atmospheric concen- 
tration was 1.40 mg. per liter, and 50 ml. in all 
other experiments. The alcohol was purified as 
follows: About 1750 ml. of 95% ethyl alcohol was 
permitted to stand overnight with 10 gm. of pellets 
of KOH and 7 gm. of aluminum foil (0.003 in.). 
The mixture was then refluxed for half an hour 
and distilled at 78.5 C, the first 20 ml. being rejected. 

The transmission of ultraviolet radiation at 235 
mé# through a 10 mm. quartz cell filled with the 
sample was determined by means of a Beckman 
spectrophotometer, which was set against a corres- 
ponding cell containing redistilled alcohol. A curve 
relating the transmission at 235 me to the con- 
centration of amyl nitrate in redistilled alcohol over 
the range of 24 to 6007 per milliliter is shown in 
Figure 1. 

Biochemical and Clinical Microscopic Methods. 
The percentage of hemoglobin converted to methe- 
moglobin in the blood of cats was determined by 
using a slight modification of the method of Michel 
and Harris.4 

The peripheral blood of cats was also examined 
for the presence of Heinz bodies in the erythrocytes. 
Approximately 0.1 ml. of blood was mixed on a 
hanging-drop slide with one drop of an aqueous 
oxalate solution containing 0.5% crystal violet. 
After the erythrocytes and the Heinz bodies had 
been stained in this manner, a film was prepared on 
a glass slide and examined by _ oil-immersion 
microscopy (xX 900). The proportion of erythro- 
cytes containing the deeply stained Heinz bodies 
was determined by counting those found in 300 
erythrocytes. 

RESULTS 

Mortality Among Animals—Table 1 
shows the duration of exposure, the concen- 
tration of amyl nitrate in the respiratory 
chamber, and the fate of the animals in the 
various experiments. The mortality among 
the several groups of mice, rats, rabbits, 
guinea pigs, and cats is plotted logarith- 
mically in relation to the severity of exposure 
in Figures 2, 3, 4, 5, and 6, respectively. 
In these graphs, the duration of exposure 
in hours is plotted along the abscissae and 
the concentration in milligrams per liter 


along the ordinates. Accordingly, the loca- 
tion of a point anywhere on such a graph 
indicates the severity of an exposure, as 
expressed in terms of the concentration in the 
air and the length of time it was inhaled. 
The fate of the animals in each experiment 
has been represented by a circle, the extent to 
which each circle is filled indicating the 
percentage of the animals that died under 
the indicated conditions. 

In each of these Figures a straight line 
has been drawn to separate the area into 
two regions, one above the line and to the 
right, within which any point represents 
lethal conditions, and one below and to the 
left, within which any point indicates condi- 
tions that permit survival of the animals. 
The slope of the line for the data relating to 
mice is very gradual, suggesting that the 


duration of the exposure of these animals is 


less important than the concentration to 
which they are exposed in determining the 
outcome. The corresponding slope for the 
data derived from the use of rats, although 
somewhat steeper, is less steep than that 
pertaining to rabbits and guinea pigs, which 
are more like those commonly encountered in 
experiments with other vapors. 

Rabbits survived following exposure to 
the concentration of 3.20 mg. per liter (599 
ppm) for seven hours on each of 10 days or 
to that of 1.40 mg. per liter (262 ppm) for 
seven hours per day on each of 20 days, al- 
though the severity of the exposure in both 
instances, when expressed graphically, lies 
above and to the right of a continuation of 
the line (Fig. +) which, at higher concen- 
trations, separates tolerable from lethal con- 
ditions of exposure. The survival of these 
rabbits indicates that the extrapolation of 
this line into the area which represents pro- 
longed duration of exposure to low concen- 
trations is not justified. Evidently a sharp 
deflection toward the horizontal must occur 
at some concentration not far from 5 mg. 
per liter. A similar deflection occurs in the 
case of guinea pigs at some concentration 
above 3.20 mg. per liter (599 ppm) and 
below 9.09 mg. per liter (1703 ppm) as 
shown in Figure 5. A possible physiological 
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interpretation of the discontinuities of these 70 (54.3%) died (Table 1). Rabbits were 
lines is that the amount of toxic agent which the next most susceptible, since 10 of 26 
can be absorbed in 7 hours, when inhaled in (38.5%) died. Guinea pigs and rats were 
the concentration corresponding to the point  gtil] less susceptible, since 8 of 25 (32.0%) 


at which the line bends, represents the maxi- and 10 of 55 (18.2%), respectively, died. 
mum amount which can be excreted, metab- 


olized, or disposed of otherwise in 24 hours 
by the animal. In the region of lethal con- 
centrations, where the fate of the animals is 
largely dependent upon the duration of ex- ~~~ 
posure, the slopes of the lines appear to be it 1S generally true that exposure of one hour 
steepest in the case of rabbits and guinea © more to concentrations in excess of 12.3 ‘ 
pigs, decreasing with the size of the species ™g- per liter (2305 ppm) was lethal to 
through rats to mice. In general, mice are most of the mice and that exposure for seven 
the most susceptible, since 38 of a group of _ hours or less to concentrations no higher than 


Cats were the most resistant, since none of 


eight died. 


Although certain discrepancies were en- : 
countered in the response of mice (Fig. 2), 


TABLE 1.—Mortality Among Animals Exposed to ihe Vapor of Amyl Nitrate in Air 


No. of Animals That Died/No. Exposed 


Concentration, 


Mg/L. Ppm Duration, Hr. mI Cats Guinea Pigs Rabbits Rats Mice 
3.20 599 9X746.25 0/1 0/2 0/2 0/4 0/3 
1.40 262 20X7 0/1 0/2 0/2 0/3 0/5 
16.39 3072 3X7 0/1 2/2 2/2 4/4 5/5 
9.09 1703 3X7 0/1 2/2 1/2 2/4 5/5 
12.7 2380 2X7 eee 2/2 2/2 0/4 5/5 
19.9 3730 7 0/1 2/2 2/2 3/4 5/5 
9.6 1807 7 0/1 0/2 1/2 o/4 4/ i 
8.6 1612 7 son 0/2 0/2 0/4 0/5 : 
19.17 3593 3.5 0/1 0/2 2/2 1/4 4/5 fe 
14.8 2774 3.5 0/2 0/2 0/4 2/4 : 
8.00 1500 3.5 0/5 
17.22 3227 1 0/1 0/2 0/2 0/4 0/5 ‘ 
12.3 2305 1 . 0/2 0/2 0/4 5/5 
7.33 1374 1 ie 3/4 
13.6 2549 0.33 0/1 0/2 0/4 0/5 
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Fig. 3.—Fatalities among rats following inhala- 


tion of amy! nitrate in air. Data from each experi- "" © amy! nitrate in air. Vata trom each experi 
ment have been plotted as circles, the extent to ™ent have been plotted as circles, the extent to 
which each circle is filled indicating the percentage Which each circle is filled indicating the percentage 
of fatalities among exposed animals. of fatalities among exposed animals. 
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Fig. 4—Fatalities among rabbits following in- 
halation of amyl nitrate in air. Data from each 
experiment have been plotted as circles, the extent 
to which each circle is filled indicating the percent- 
age of fatalities among exposed animals. 


8.6 mg. per liter (1612 ppm) was usually 
tolerated. 

Rats (Fig. 3) survived when exposed to 
the concentration of 14.8 mg. per liter (2774 
ppm) for three and one-half hours or to 
that of 9.6 mg. per liter (1807 ppm) for 
seven hours, but deaths occurred among 
groups exposed to the concentration of 19.17 
mg. per liter (3593 ppm) for three and one- 
half hours or to that of 19.9 mg. per liter 
(3730 ppm) for seven hours. 

Rabbits (Fig. 4) survived when exposed 
to the concentration of 14.8 mg. per liter 
(2774 ppm) for three and one-half hours 
or to that of 8.6 mg. per liter (1612 ppm) 


100 


CONCENTRATION, mgm/! 
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1 1 
50 6100 200 


Fig. 5.—Fatalities among guinea pigs following 
inhalation of amyl nitrate in air. Data from each 
experiment have been plotted as circles, the extent 
to which each circle is filled indicating the per- 
centage of fatalities among exposed animals. 


NITRATE 


for seven hours, but they died when sub- 
jected to exposure to the concentration of 
19.17 mg. per liter (3593 ppm) for three 
and one-half hours or to that of 9.6 mg. per 
liter (1807 ppm) for seven hours. 

Guinea pigs (Fig. 5) survived when ex- 
posed to the concentration of 19.17 mg. 
per liter (3593 ppm) for three and one-half 
hours or to one-half of that concentration 
for seven hours. Deaths occurred among 
groups that were exposed to the concentra- 
tion of 19.9 mg. per liter (3730 ppm) for 
seven hours or to that of 12.7 mg. per liter 
(2380 ppm) for seven hours per day on two 
consecutive days. 

There were no fatalities among cats which 


were subjected to exposure to the concen- 


sor 
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Fig. 6.—Fatalities among cats following inhala- 
tion of amyl nitrate in air. Data from each experi- 
ment have been plotted as circles, the extent to 
which each circle is filled indicating the percentage 
of fatalities among exposed animals. 


tration of 16.4 mg. per liter (3072 ppm) for 
seven hours per day on three days (Fig. 6). 

All animals (cats, rabbits, rats, guinea 
pigs, and mice) survived exposure to the 
concentration of 3.2 mg. per liter (599 ppm) 
for seven hours per day on 10 days or to 
that of 1.4 mg. per liter (262 ppm) for 
seven hours per day on 20 days. 


PHYSICAL 


SIGNS OF 


INTOXICATION 


The observations made on the various 
species may be summarized briefly as fol- 
lows: 

Cats.—Exposure to concentrations of 9.0 
mg. or more per liter induced tremors, 
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tetanic movements of the extremities, and 
convulsions, along with salivation, rapid deep 
respiratory movements, and_prostration. 
Even in seriously affected cats, the pulse 
remained full. A cat exposed to the con- 
centration of 3.20 mg. per liter became 
ataxic and lethargic but remained conscious. 
It exhibited an increase in the rate and 
depth of respiration and moderate salivation. 
No signs or symptoms were induced by ex- 
posure to the concentration of 1.40 mg. per 
liter. 


Guinea Pigs —Exposure to concentrations 
as low as 8.6 mg. per liter induced tremors, 
convulsions, labored respiration, and coma. 
The neurological signs of intoxication de- 
creased in frequency and intensity as the 
concentration was lowered, respiratory ab- 
normalities being slight under conditions of 
exposure to the concentration of 3.20 mg. 
per liter. No noteworthy signs of intoxi- 
cation were observed in response to ex- 
posure to the concentration of 1.40 mg. per 
liter of air. 

Rabbits —Convulsions were observed in 
rabbits exposed to 12.7 mg. per liter. Cya- 
nosis of the ears resulted from exposure to 
concentrations as low as 9.1 mg. per liter, 
and hyperemia of the ears was seen when 
the concentration was 8.6 mg. per liter. The 
respiratory response varied from deep and 
labored movements when the concentra- 
tions were high to only slight increases in 
rate and depth when the concentration was 
1.4 mg. per liter of air. 

Rats.—The severity of such signs as 
ataxia, labored respiration, and prostration 
decreased in intensity with reduction in the 
concentration of the material in the air, 
that of 3.2 mg. per liter inducing only mini- 
mal ataxia, lethargy, and a slight increase 
in the depth of respiration. No signs of 
intoxication were observed when rats were 
exposed to the concentration of 1.4 mg. per 
liter of air. 

Mice.—Occasional convulsions were ob- 
served when the concentration to which 
these animals were exposed was 19.17 mg. 
per liter. Ataxia, prostration, and respira- 
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tory distress were noted among mice exposed 
to concentrations as low as 8.0 mg. per 
liter. When the concentration ranged be- 
tween 7.3 and 1.4 mg. per liter, the mice 
huddled together and exhibited an increase 
in the depth and rate of respiration that was 
inversely related to the level of concentration 
to which they were exposed. 


FORMATION OF METHEMOGLOBIN 


In Table 2 are shown the amounts of 
methemoglobin found from time to time in 
the peripheral blood of a cat that was ex- 
posed to the concentration of 3.2 mg. per 
liter for seven hours on each of five consecu- 
tive days and then, after a lapse of four 
days, was again exposed to the same con- 
centration for the same period of time on 
each of the next three days. The proportion 
of the total pigment present as methemoglo- 
bin rose from 10.0% prior to the first period 
of exposure to 35.6% shortly after the fifth 
period and to 59.5% after the seventh pe- 
riod. This value had decreased to 4.3% by 
the fourth day after the eighth and final pe- 
riod of exposure. 


FORMATION OF HEINZ BODIES 


The maximum number of affected erythro- 
cytes was attained several days after a pe- 
riod of exposure, whether continuous or 
intermittent. Their disappearance from the 
blood occurred slowly over a period of one 
to three weeks. The longer the duration of 
a single period of exposure to concentra- 
tions of 17.2 to 19.9 mg. per liter the higher 
was the percentage of erythrocytes that sub- 
sequently contained these inclusion bodies. 
For example, two weeks after one hour of 
exposure, 30% of the erythrocytes were 
affected, while 40% of those of another cat 
contained Heinz bodies six days after a pe- 
riod of three and one-half hours of exposure. 
A cat that inhaled the concentration of 
19.5 mg. per liter for 7 hours had Heinz 
bodies in 90% of its erythrocytes 30 hours 
thereafter, but only 30% of those of another 
cat, exposed for a like period to half that 
concentration, were affected at a comparable 
time after the exposure. Data pertaining to 
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Fig. 7.—Formation of Heinz bodies in the eryth- 
rocytes of cats following their exposure to the vapor 
of amyl nitrate in air for seven hours on each of 
three successive days. 


TABLE 2.—Formation of Methemoglobin in the Peripheral Blood of a Cat Exposed for 


NITRATE 


degenerative changes in the hepatic cells, in 
the epithelial cells lining the renal convoluted 
tubules, and in the nerve cells of the brain. 
There was hyperemia and edema of the 
lungs. These histopathological alterations 
were present consistently in the viscera of 
guinea pigs, rabbits, rats, and mice. 

The viscera of animals that survived ex- 
posure and were killed at varying intervals 
(8 to 31 days) after the final period of ex- 
posure were normal. All the cats exposed 
to the vapor of amyl nitrate survived and 
were killed at intervals ranging from 8 to 87 
The 


days after the final period of exposure. 


Seven 


Hours on Each of Eight Days to a Concentration of 3.2 Mg. of Amyil Nitrate 
Per Liter of Air 


Total 
Total Methemo- Pigment 
Pigment, globin, Converted 


Gm/100 M1. 
of Blood 


Gm/100 M1. 
of Blood 


to Methemo- 
globin, % 


10.8 1.08 10.0 
16.85 6.00 35.6 
10.05 1.13 11.2 
8.45 5.03 59.5 
10.25 0.44 4.3 


the occurrence of Heinz bodies in the pe- 


ripheral blood of other cats during and 
following three such periods, each of seven 
hours’ duration, are presented in Figure 7. 
Although no Heinz bodies were found in 
the blood of rabbits following a single period 
of exposure, a few were occasionally found 
following multiple periods of exposure. 


PATHOLOGY 
All animals of the various species were 
subjected to postmortem examinations, and 
tissues from animals representative of each 
species and of each level of concentration of 
the 
scopically. 


vapor in air were examined micro- 


Animals that died from exposure to the 
vapors of amyl nitrate in air exhibited diffuse 


Time of Sampling in Relation 
to Time of Exposure 

Before 

Exposure 


After 
Exposure 
0.1 hr. before 
Ist period of 
exposure 


0.2 hr. after 
5th period 

4 days after 
5th or 18.6 
hr. before 6th 
period 

15.7 hr. after 
7th or 1.3 hr. 
before 8th 
period 

4 days after 
Sth period 


viscera of seven of the animals were normal. 
One cat, killed eight days aiter the 20th 
period of exposure to air containing 1.40 mg. 
per liter (262 ppm), exhibited focal acute 
inflammation of the lungs and slight de- 
generative changes in the hepatic cells in 
the peripheral zone of the liver lobules. 


COM MENT 


These observations bring to light an 


interesting difference in the susceptibility of 
animals of various species to amyl nitrate, 


which is an ester, —C—O—N with an 


atom of oxygen between the carbon and ni- 
trogen, and to 2-nitropropane, —C—N O 
in which the nitrogen is linked directly to 
the carbon. Among the various species sub- 
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jected to inhalation of these substances, cats 
were the most resistant to amyl nitrate but 
the most susceptible to 2-nitropropane.® 
During the period in which these observa- 
tions on amyl nitrate were being carried on, 
several persons, working in the laboratory at 
times when the chamber was opened, com- 
plained repeatedly of nausea and headache. 
One person, whose only opportunity for 
exposure was provided by the material ad- 
sorbed on the fur of the animals which he 
transported from one floor to another, made 
similar complaints. The latter complaint 
may be regarded with skepticism, but the 
validity of the others cannot be discounted, es- 
pecially since it is well known that industrial 
exposure to nitroglycerin, another ester of 
nitric acid, gives rise to similar symptoms. 
No serious illness or disability, however, was 
sustained by any of those who were sub- 
jected to exposure during these experiments. 
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This work was financially sponsored by the 
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News and Comment 


GENERAL NEWS 


Mock Trial on Effects of Industrial Noise.—At the coming meeting of the American 
Medical Association in Atlantic City in June the Section on Preventive and Industrial Medicine 
and Public Health of the American Medical Association will participate with the Section on 
Laryngology, Otology and Rhinology in the presentation of a mock trial on the effects of 
industrial noise on hearing. This mock trial has been presented by the American Academy of 
Ophthalmology and Otolaryngology in New York City with great success, and the Academy 
is now being kind enough to present it at the joint session in Atlantic City on June 9 at 3: 30 p. m. 
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Synergistic Effects of 


Particulates As Carriers of Toxic Vapors 


CHARLES W. LA BELLE, M.S., Philadelphia 
JAMES E. LONG, M.A., Pittsburgh 

and 

EMIL E. CHRISTOFANO, B.S., New York 


INTRODUCTION 

The physiological response to exposure to 
smog appears to be inconsistent with the re- 
corded toxicities of the smog components. 
One explanation of the anomaly which has 
been offered is that there may be a synergism 
between the toxic vapors and the particulate 
components of smog. Thus Schrenk * states, 
“The role that extremely fine particles may 
play by absorbing and transporting toxic 
gases or vapors to the alveoli is almost en- 
tirely unexplored.” Vorwald* mentions the 
possibility that an aerosol particle in the lung 
may absorb toxic agent and so cause a local 
concentration of agent sufficient to initiate a 
response. Magill,’ following a suggestion 
ascribed to Dautrebande,* studied the effect 
of irritants on the eye and nose of animals 
alone and in the presence of aerosols; he was 
able to show significant increases in effect 
when mineral oil aerosols were added. Dau- 
trebande * found similar effects when min- 
eral oil and sodium chloride aerosols were 
added to vapors of SOs, SOs, and HNOs. 

In all three cases, interpretation of the re- 
sults was made more difficult by the subjec- 


From the Medical Laboratories, Army Chemical 
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* References 5 and 6. 


tive nature of the response and its evaluation. 
In the present paper, an objective measure 
of response is applied to the problem of com- 
paring the effect of a vapor with and without 
aerosols. 


APPARATUS AND METHODS 


The equipment used in the exposures consists of 
a small chamber fitted with a duplex feed such as 
that aerosol or vapor or both can be introduced in- 
dependently into the atmosphere. The flow sheet for 
the process is shown in the Figure. Air is with- 
drawn from the chamber through suitable filters, 
causing room air to enter by way of the intake tube. 
The long leg of a tee-tube is inserted into this in- 
take, the arms of the tee being connected to the 
vapor bubbler and to the aerosol generator, respec- 
tively. The vapor feed is a small bubbler containing 
a saturated solution of the material to be studied; 
the aerosol generator is an aspirator unit of the 
type described by Laskin * and designed to operate 
on liquid agents or on suspensions or solutions of 
solids. Flow rates were adjusted so that the total 
fiow through the chamber was slightly greater than 
the sum of the flows in the two feeds; the concen- 
tration of either component was therefore unaltered 
by the presence or absence of the other. 

In each experiment, two or more successive 
groups of six white mice were exposed in the cham- 
ber until all were dead, the time at which each 
individual mouse died being recorded. Since tests 
indicated that the logarithms of these times were 
normally distributed, the geometric mean time of 
survival (referred to throughout this paper as the 
S.T.so) and its corresponding geometric standard 
error were calculated. The significance of observed 
differences between experiments was determined by 
means of “Student’s” t-test applied to the distribu- 
tion of logarithms of individual survival times. 

By trial and error, a level of formaldehyde was 
found which led to a suitable S.T.sco Several groups 
of six mice each were exposed to this level, and the 
mean S.T.s. was calculated for the series. A min- 
imum of two additional groups of six mice each 
were then exposed to the same level of formalde- 
hyde in the presence of each aerosol; the S.T.so was 
computed and compared with the mean S.T.so with- 
out aerosol. 
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FLOW DIAGRAM FOR EXPOSURES 


TO VAPORS PLUS AEROSOLS 


Aerosol 
Feed 


wT 
Mixing 
Tube 


~ Alr 


Supplementary 
Ar 


Chamber 


Filter 


~ 


Exhaust 


Flow sheet for chamber used in 


As a check on the values obtained in this way, 
groups of six mice each were killed after fixed ex- 
posures (20 minutes) to the same mixtures. The 
lungs were removed, weighed, and the ratio lung- 
weight: body-weight calculated.+ Increases in the 
relative weight of the lungs were assumed to reflect 
the accumulation of edema fluid in lungs damaged 
by irritation. 

The comparison of S.T.s was then repeated with 
the use of acrolein and then nitric acid fumes as the 
toxic vapor. 


+ References 8 and 9. 
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measurement of survival time. 


RESULTS 

The characteristics of the aerosols used are 
shown in Table 1; the effects of these aero- 
sols on the lungs of mice are shown in 
Table 2. 


each aerosol for periods up to six hours with- 


Additional mice were exposed to 


out causing any deaths. This, with the evi- 
dence of Table 2, indicates that the aerosols 
used are inert with respect to irritant action 
in the lungs. 


Vapor 

| 

| 

| 

||| 

; 

| 
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SYNERGISTIC EFFECTS 


OF 


Concentration 


With 
With Acrolein 
Formal- and Nitrie 
dehyde, Fume, 
Disperse Phase Mg L. Me L 
Triethylene glycol.......... 2.21 0.38 
Ethylene glyeol............. 2.92 0.50 
Sodium chloride............ 2.32 0.39 
Attapulgus clay ¢........... 0.96 0.16 
0.31 0.05 


* Dicalite and Celite are commercial filter aids composed 


largely of diatomaceous earth. 


+ Attapulgus clay is a variety of clay chosen for its 


unusually high absorptive properties. 


t Santocel CF is a commercial silica gel (aerogel), with 


an extremely high ratio of surface area to mass. 


TABLE 2. 


Lung-Wt. 


Body-Wt. Stand- 


Ratio, ard 
Mean, Error, 
Aeorsol Per Cent Per Cent he 
None (control)........ O.5R5 0.053 gens 
Triethylene glyeol.... 0.573 0.037 0.15 
Ethylene glycol....... 0.628 0.078 0.53 
Mineral OF. 0.634 0.042 0.61 
0.620 0.022 O44 
Sodium cehloride...... 0.689 0.058 1.30 
0.702 0.010 1.50 
Attapulgus clay...... 0.723 0.061 1.72 
Santocel CF.......... 0.734 0.173 1.90 


Tasie 3.—Survival of Mice E 


hyde im the Presence 


Stand- 
Sur- ard 
vival Error 
Time of 
S.T.s0, 8.T.50, 
Aerosol Min. Min. 
Triethylene glycol.. 71 13 
Ethylene glycol..... 168 20 
Mineral oil.......... 72 9 
Glycerin............. 114 13 
Sodium echloride.... 114 25 
Attapulgus clay.... 157 32 
Santocel CF........ 145 15 


* Based on geometric standard errors; number of ani- 


mals = 12 to 36 per experiment. 


* Number of animals — 12 per experiment. 


of Aerosols 


“Stu- 
dent’s’’ 
Significance 
6.9 Highly signifi- 
cant 
1.0 None 
10.2 Highly signifi- 
cant 
3.3 Highly signifi- 
cant 
2.3 Significant 
Significant 
5.3 Highly signifi- 
cant 
0.6 None 
0.2 None 


AEROSOLS 


Taste 1.—Characteristics of Aerosols 


Mass- 
Median 
Size, 


18 


Findings in Lungs of Animals Exposed 


Signifi- 


cance 
None 
None 
None 
None 
None 
None 
None 
None 


xposed to Formalde- 


TABLE 4.—Findings in Lungs of Mice Exposed 
to Formaldehyde in the Presence 


of Aerosols 


Lung-Wt. 
Body-Wt. 
Ratio, 
Aerosol 


None (control).... 0.642 
Triethylene glycol 0.776 


Ethylene glycol... 0.616 


Mineral oil........ 0.795 
0.705 
Sodium chloride... 0.608 
0.540 
0.558 
Attapulgus elay.. 0.678 
Santocel CF...... 0.593 


* Number of animals 


TABLE 5.—Survival of Mice Exposed to Acrolein 
in the Presence of 


Survival 
Time 
S.T.s0, 
Aerosol Min. 
87 
Triethylene glycol 73 
Ethylene glycol... 106 
Mineral oil........ 69 
Glycerin........... 94 
Sodium ehloride.. 71 
91 
99 
Attapulgus clay.. 78 
Santocel CF...... 65 


* Based on 
mals=12 to 42 per experim 


ot 


Ratio, 
Per Cent Per Cent 


0.01 


0.086 


0.096 


0.17 


0 


0.087 


0.07 


1 


0.051 


0.047 


0.093 


0.04 


Standard 


Error 


ot 


8.T.50, 


Min. 


ent. 


14 
1.9 


- 12 per experiment. 


t * 
0.91 
1.89 
3.64 
0.92 
3.53 
0.32 
1.05 
1.24 
4.06 


geometric standard errors; number of ani- 


TABLE 6.—Survival of Mice Exposed to Nitric 


Stan 
ard 


i- 


Survival Error 


Time 
S.T.s0, 
Aerosol Min. 
None (control)....... 118 
Triethylene glyeol.. 142 
Ethylene glyeol..... 151 


Mineral oil 


72 


103 
Sodium chloride.... 220 


Dicalite........ 
Attapulgus clay.... 198 


Santocel CF........ 177 


ot 
S.T.s 
Min 

9 

1 

4 


Significance 
Highly sig- 
nifieant 
None 
Highly sig- 
nificant 
Significant 
None 
Highly sig- 
nifieant 
Highly sig- 
nifieant 
None 
None 


Aerosols 


Significance 
None 
None 

Significant 
None 
Significant 
None 
None 
None 
Significant 


Significance 


Signifieant 
Highly signifi- 
cant 
Highly signifi- 
cant 
None 
Highly signifi- 
eant 
Highly signifi- 
cant 
Highly signifi- 
eant 
Highly signifi- 
cant 
Highly signifi- 
eant 


* Based on geometric standard error; number of ani- 
mals=12 to 36 per experiment. 
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Stand- : 
ard 
Error 
= ¢* 
2.0 
2 
2.0 
2.9 
3.3 25 
4d 
to Aerosols for Twenty Minutes a 
4 
16 
d 
4 
1 
10 
7 
‘ 
4 2 
Acid Fumes in the Presence of Aerosols 
= 
t* 
3.4 
| 
4 64 
7 1.8 
30 64 
14 10.2 
13 6.0 
29 7.4 
| ee 6 5.8 
|__| 


Tables 3 and 4+ show the results obtained 
when mice are exposed to mixtures of for- 
maldehyde vapor and aerosols. The succes- 
sive columns in Table 3 show the S.T.50 
and its standard error, the t-value obtained 
when vapor-aerosol mixture is compared 
with vapor alone, and, finally, whether the 
observed difference is significant at the level 
where p=0.05 and is highly significant 
where p=0.01. Table 4 shows the same 
calculations for the results seen in the lungs 
of the exposed animals. Comparison of Ta- 
bles 2, 3, and 4 indicates that, while none of 
the aerosols themselves caused detectable 
changes in the lungs, several of them in- 
creased the acute toxicity of the formalde- 
hyde vapor. 

Table 5 shows the results obtained when 
mice were exposed to a concentration of 
15 mg/m.* of acrolein. In this case, three 
aerosols caused a reduction in survival time 
with high orders of significance, but in four 
cases the survival time was increased. 
Although these increases did not reach sig- 
nificant levels, it is worth noting that with 
formaldehyde there were only two increases, 
both relatively smaller. 

Table 6 shows the results obtained when 
mice were exposed to the complex mixed va- 
pors obtained when air is bubbled through 
concentrated nitric acid. These data are en- 
tirely different from those recorded in 
Table 4 for formaldehyde in that with nitric 
acid the characteristic effect is for the aero- 
sols to increase the survival time, whereas 
with formaldehyde the survival time is low- 
ered. In this sense, the data of Table 5 for 
acrolein represent an intermediate case. 


COM MENT 


For purposes of discussion, it is desirable 
to summarize the changes observed with the 
27 mixtures which have been studied. This 
has been done in Table 7. 

There is obviously a pattern in these data 
which is somehow associated with the prop- 
erties of the vapors. The typical effect with 
formaldehyde is for the survival time to fall 
(six cases out of nine) and with nitric fumes 
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for the survival time to be longer (seven 
cases out of nine). It is therefore pertinent 
to examine the physical properties of these 
materials with a view toward detecting the 
cause of this pattern. 

While systemic agents may produce their 
typical lesions at sites which are far removed 
from the original portal of entry, the primary 
irritants produce their lesions, by definition, 
at the immediate site of deposition of the 
body. As a result, they provide a useful 
toxicological tool in that the need for special 
tracer studies to determine the portal of entry 
is obviated. 

These agents are commonly divided into 
three main classes,t depending on whether 
the lesion is produced in the upper respira- 


7.—Summary of Changes in Survival 
Time When Aerosols Are Added 


Formal. Nitrie 
Aerosol dehyde Acrolein Fumes 
Triethylene glycol.... Shorter Nochange Longer 
Ethylene glycol....... Nochange Nochange Longer 
Mineral oil............ Shorter Shorter Shorter 
Shorter Nochange No change 
Sodium chloride...... Shorter Shorter Longer 
Shorter No change Longer 
ws Shorter Nochange Longer 
Attapulgus clay...... Nochange Nochange Longer 
Santocel CF.......... No change Shorter Longer 


tory fields, the lower lung fields, or both. 
The first class of irritant comprises those 
compounds whose effect is- confined largely 
to the upper respiratory passages in the nose ; 
formaldehyde is typical of this group, other 
members being ammonia, hydrogen fluoride, 
and phenol.'* The second class of irritant 
produces lesions both in the upper passages 
and to some extent in the deeper lung fields 
as well; acrolein is a typical member, others 
being sulfur dioxide and phosgene. The third 
class includes those compounds whose effect 
is confined chiefly to the lung structures; 
nitric acid fumes are the typical example.§ 
Since there is no reason to suppose that 
alveolar tissue is inherently resistant to for- 
maldehyde vapor, the absence of alveolar le- 
sions in exposures to formaldehyde must 


t References 10 and 11. 
§ References 13 to 16. 
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indicate that the formaldehyde is not pene- 
trating the nasal passages in any quantity, 
whereas nitric acid fumes are probably pene- 
trating the nasal passages completely and 
accumulating in the lung tissues instead. If 
this is true, the differences in penetration 
must derive from the physical properties of 
the respiratory system and the gases passing 
through it. 

The absorption of gaseous components on 
wetted surfaces has been studied in consider- 
able detail in connection with the design of 
distillation equipment, scrubbing towers, and 
the like. The calculations involve equating 
the force representing the difference in par- 
tial pressures of the absorbed component in 
the gas and the liquid phase, respectively, 
against the resistance to diffusion of the 
molecules through the gas and the liquid. 
The theoretical basis for the calculation was 
developed by Whitman’? and applied by 
Colburn '*; a convenient nomographic chart 
is given by Perry,'® which permits easy eval- 
uation of the equations. 

The parameters which control the absorp- 
tion of a gas in a transfer system are the fol- 
lowing: (1) Henry’s law constant, m, which 
relates the mol fraction of material in the 
vapor phase to its mol fraction in the ab- 
sorbing liquid; (2) V’/L, or the ratio mols 
of gas: mols of liquid in the system, and 
(3) the number of transfer units in the sys- 
tem, one transfer unit being defined as a 
portion of the system sufficient to permit 
equilibration to occur (in distillation proc- 
esses the transfer unit is identical with the 
familiar theoretical plate ). 

Henry’s law constant, which is defined as 
the ratio between the mol fraction of gas in 
the gas phase and the mol fraction of the 
same gas in the solution at equilibrium, is 
readily obtainable from solubility data pub- 
lished in the literature. Thus water in con- 
tact with pure CO, at 25C and 760 mm. 
dissolves 0.665 liter of COz2 per liter of water. 
The mol fraction of COzg in the solution is 
0.000534; in the gas phase it is 1, and the 
ratio is 1/0.000534, or 1900. The values of 
m shown in Table 8 have been calculated for 


several gases and vapors with the use of sim- 
ilar data taken from the International Critical 
Tables.”° 


A rough estimate of the value of V/L 
may be made on the following basis: A 200 
gm. rat breathes about 100 ml. of air into 
the lung each minute,”* or about 4 millimols. 
The same rat will circulate about 10 ml. of 
blood through the lung in three to four min- 
utes,?* or about 200 millimols of water per 
minute. The ratio )’/L in the lung is there- 
fore about 0.02. The effective blood supply 


TABLE 8.—Calculated Penetration of Gases 
Through the Nasal Passages 


Henry’s 
Constant, 
m = mol 
fraction gas Percentage of Gas 
—. Penetrating Lung 
mol fraction —— 


Gas in solution N=1 N=5 N= 
50,000 100 100 100 
Nitrie oxide.......... 31,000 100 100 100 
10,000 99 99 99 
Nitrous oxide........ 2,560 oS 98 98 
Carbon dioxide...... 1,900 95 95 95 
Hydrogen sulfide... . 610 90 9 90 
Chloroform.......... 475 90 99 
160 80 80 
Ethy) ether. ......... 68 70 70 70 
Acetaldehyde........ 25 60 60 60 
20 52 50 50 
12 28 25 20 
Sulfur dioxide....... 10 26 18 9 
Acetic 7 7 2 
Formaldehyde....... 3.8 10 4 0.2 
Hydrogen cyanide... 2.5 8 2 0.05 
1.5 6 1.1 0.02 
04 5 0.8 0.01 
Hydrogen bromide.. 0.003 ) 0.7 0.01 
Hydrogen chloride... 0.001 5 0.6 0.01 
Hydrogen iodide..... 0.0008 5 06 0.01 


to the nasal tissues cannot be greater than 
one-half to one-fourth that of the lung, so 
that the ratio /’/L in the nasal passages 
must be of the order of 0.005 to 0.01. 

The number of transfer units in the upper 
respiratory passages can only be guessed. 
However, on the basis that one transfer unit 
is equivalent to one theoretical plate in a 
column, it can be inferred that the nose would 
be at least as efficient as 1 plate and probably 
less efficient than 10 plates or not far from 
5 plates. 

These calculations are summarized in 
Table 8. The value of m is shown for a 
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TaBLe 9.—Penetration of Particulates Through 
the Nasal Passages 
(From data of Brown, Cook, Ney, 


Nasal 
Penetration, 
Per Cent 


Particle 
Size, u 


number of gases and vapors, and the calcu- 
lated percentage penetration of the nose, 
using values of NV (the number of transfer 
units) equal to 1, 5, and 10, respectively. It 
will be seen that the variation in Henry’s 
law constant, m, is so great that the variation 
in penetration is controlled largely by this 
factor alone, since changing the value of N 
from 1 to 5 to 10 has almost no effect at all 
on the calculated penetrations, and the same 
would apply to the value used for /L. 

A similar tabulation can be made of the 
probable penetrations of particulates through 
the nasal passages. Brown, Cook, Ney, and 
Hatch,”* have published a set of curves show- 
ing the deposition of particulates in various 
portions of the respiratory tract as a function 
of particle size; these data are in good agree- 
ment with the conclusions of other workers 
in the field, notably Wilson and LaMer,”* 
Landahl and associates,|| and Findeisen.*’ 
Table 9 shows the penetration of china clay 
particles through the nose; this material is 
fairly representative of the aerosols used in 
this study in that the differences in shape 
and density are of less consequence in de- 
termining penetration than is the particle size 
of the aerosol. 

With these data in hand, it is now possible 
to predict the probable effect of a given 
aerosol on the toxicity of a vapor. There 
may be set down the principle that, if irri- 
tants are more effective in the lung than in 
the nasal passage, then a necessary condition 
for an increase in toxicity is that the aerosol 


|| References 25 and 26. 
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penetrate the nasal barrier to a significantly 
greater extent than the vapor alone and that 
the necessary condition for a decrease in tox- 
icity is the converse of this. With the use of 
the values from Tables 8 and 9, it is possible 
to make predictions on the following basis: 
Whenever the penetration of aerosol exceeds 
the penetration of vapor, a lower survival 
time is predicted for the mixture; when the 
penetration of vapor exceeds that of aerosol, 
a higher survival time is predicted ; when the 
two penetrations are about equal, no signifi- 
cant change is predicted. 

Table 10 lists the various combinations 
tested, the two penetrations, the predicted 
effect, and the observed effect. 

It will be seen that this method predicts 
the behavior of these mixtures with a high 
degree of precision. This is quite remarkable, 
considering that the condition on which the 
prediction is based is a necessary but not a 
sufficient condition. In other words, ab- 


TaBLe 10.—Prediction of Behavior of Mixtures 
Compared With Observed Behavior 
of Mixtures 


Penet. 
Aero- Aero- Penet.  Predie- Cor- 
sol Vapor sol Vapor tion Found rect 
TEG F 60 4 Shorter Shorter Yes 
A 60 50 No change Nochange Yes 
N 60 100 Longer Longer Yes 
EG F 57 4 Shorter Nochange .... 
A 57 50 Nochange Nochange Yes 
N 57 100 Longer Longer Yes 
Oil F 55 4 Shorter Shorter Yes 
A 5d 50 No change Shorter 
N 55 100 Longer Shorter bails 
Gly F 57 4 Shorter Shorter Yes 
A 57 5O Nochange Nochange Yes 
N 57 100 Longer Nochange .... 
NaCl F 38 4 Shorter Shorter Yes 
A 38 50 No change Shorter 
N 38 100 Longer Longer Yes 
Die F 28 4 Shorter Shorter Yes 
A 28 50 Nochange Nochange Yes 
N 28 100 Longer Longer Yes 
Cel F 33 4 Shorter Shorter Yes 
A 33 50 Nochange Nochange Yes 
N 33 100 Longer Longer Yes 
Clay F 28 4 Shorter No change .... 
A 28 BO Nochange Nochange Yes 
N 28 100 Longer Longer Yes 
Sant F 36 4 Shorter No change 
A 36 50 Nochange Shorter a 
N 36 100 Longer Longer Yes 


Total 19 correct predictions out of 27 = 70%. 
Expectation on chance basis = 33%. 
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sorbing a vapor onto a carrier will not in- 
crease the toxicity unless the penetration is 
increased, but if the vapor is not absorbed, 


there will be no change no matter what the 


penetrations are. Reexamining Table 10 in 
this light, it is found that there are 17 cases 
in which significant changes did occur, and 
of these the direction is correctly predicted 
in 14, or 82%. It is worth noting that the 
errors in prediction which did occur are not 
serious errors, in general; in only 1 case out 
of 27 (nitric acid fumes plus mineral oil) 
does the method predict an increase where 
a decrease was observed, or vice versa; in the 
other 6 cases a change was predicted where 
none occurred, or the reverse. It is difficult 
to believe, therefore, that this method is not 
based on a fundamental and controlling prop- 
erty of the system. 

It is also of interest to note that Dautre- 
bande, Shaver, and Capps * found that the 
external manifestations (blinking, lacrima- 
tion, nasal pain, nasal flow) of the same va- 
pors (formaldehyde and nitric acid) were 
greatly increased when aerosols, including 
silica and motor oil, were added to the va- 
pors. After a careful examination of the 
problem, these authors came to the conclu- 
sion that the external increases were caused 
by the large particles and the aggregates 
present and that the lung symptoms were 
due to the smaller particles, since larger and 
smaller particles would tend to carry vapors 
to the external and internal sites, respec- 
tively. This is in complete accord with the 
conclusions reached in this paper. The large 
aggregates mentioned by these authors (10u 
and up) would have even lower penetrations 
than formaldehyde, and certainly lower than 
nitric oxide, and therefore would be predicted 
to increase the quantity of vapor reaching 
the nasal linings, particularly those nearest 
the nose itself. 


CONCLUSIONS 
When aerosols are added to atmospheres 
containing formaldehyde vapors, the typical 
effect is to increase the toxicity. Aerosols 
added to nitric acid fumes tend to decrease 
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the toxicity, while the addition of aerosols to 
acrolein vapors has a variable or no effect on 
toxicity. 

The penetration of gases through the nose 
ranges from a fraction of 1% for a gas like 
HCl to 100% for nitrogen. The penetration 
of aerosols ranges from about 20% for 5yu 
particles to 100% for 1p particles. 

The effect of aerosols in altering the tox- 
icity of irritant gases is closely and directly 
related to the relative penetration of particles 
and vapor molecules present. When the 
aerosol penetration exceeds vapor penetra- 
tion, toxicity is increased ; when vapor pene- 
tration exceeds particle penetration, toxicity 
is decreased. 

These are necessary but not sufficient con- 
ditions ; there must be a physical combination 
between vapor and aerosol (absorption, ad- 
sorption, solution), or no change will occur 
at all. 
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Although the occurrence of cataract due 
to heat was recorded among workmen at 
least as early as the first half of the 1&th 
century,’ it was nearly 100 years later before 
it was related to a specific trade, when 
Mackenzie * stated that glass blowers fre- 
quently developed cataract. Nevertheless, it 
was not until 1908 that radiation cataract 
became scheduled as an industrial disease in 
the United Kingdom under the Workmen’s 
Compensation Acts for workers exposed to 
the glare of molten glass. Almost the only 
evidence put forward in favor of an occu- 
pational cause for the cataract of glass work- 
ers was that of Robinson in 1903; he was 
the first British author to describe bottle 
finishers’ cataract,® although Hirschberg * 
had previously reported cases in Germany 
in 1898. 

Robinson found that, out of 75 persons 
upon whom he had operated for hard cata- 
racts during the year previous to the publi- 
cation of his paper, 18 of them had been 
bottle finishers. The population of the dis- 
trict in which Robinson worked was nearly 
1,250,000, while only 200 to 300 persons 
were engaged as bottle finishers in the glass 
industry. He, therefore, thought that glass 
workers were more liable to develop cataract 
than the generality of the population. In 1907 


From the Medical Department, The Butterley 
Co., Ltd. (Dr. Keatinge) and the British Iron and 
Steel Research Association (Dr. Pearson and 
Messrs. Simons and White). 


Robinson made a systematic investigation of 
bottle finishers, and he found that, out of 
400 men, 40 (10%) were suffering from 
cataract. 

Legge ® (1934) subsequently examined 
the eyes of 513 glass workers and found 
evidence of cataract in 45 right eyes (8% ) 
and 64 left eyes (12%), whereas in 175 con- 
trols it was present in only one man who 
proved on inquiry to be employed at an 
annealing furnace. 

In 1921 cataract due to the glare of, or by 
rays from, molten or red hot metal was 
added to the list of scheduled diseases under 
the Workmen’s Compensation Acts follow- 
ing the work of Healy.’ In his survey, 354 
sheet-mill men and workers in the tin-plate 
industry, over the age of 35, were examined 
in a darkened office without the aid of a 
mydriatic, using an ophthalmoscope with 
reflected light from an oil lamp. One hundred 
forty-four of these subjects showed lenticular 
opacities at the posterior pole of the lens, but 
the cataracts described by Healy were of two 
types: (1) dense round posterior cortical ; 
(2) striated cortical wedge-shaped, with 
apex upward and situated down, or down 
and in the posterior cortex. 

The greater number of cases, however, 
were of Type 2, which according to Lloyd 
Johnstone * may well have been ordinary 
senile cataracts. 

No proper control group was examined, 
but Healy cites statistics which he obtained 
from a Friendly Society, showing that only 
3% of superannuated disabled members and 
members on reduced sick allowance, of 
average age 56 years, suffered from cataract 
or probable cataract, compared with 40% of 
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men, over the age of 35, engaged in the 
tin-plate industry. 

Roberts * cited five cases of cataract occur- 
ring in chain makers, while Cridland * de- 
scribed cases of cataract in iron puddlers. 

But cataract had been noted among iron 
puddlers by a Mr. Field, an optician in 
Birmingham, nearly 60 years earlier accord- 
ing to Percy.”® 

In 1922 Brinton * described two cases of 
cataract in gold smelters, and a year later 
Sichel ** reported two cases of so-called glass 
workers’ cataract occurring in a “machine 
man” in a railway engineering shop and in 
a laundress. Foundry workers are said to 
suffer from heat cataract according to 
Minton,*® but no specific cases seem to have 
been reported in the literature. 


PATHOGENESIS OF RADIATION CATARACT 


Meyhofer ** was the first author to recog- 
nize that radiation cataract began in the 
posterior cortex, and Robinson * took a simi- 
lar view, considering that cataract due to 
exposure to heat first appeared at the poste- 
rior pole of the lens immediately under the 
posterior capsule. Robinson did not deny 
that an ordinary senile cataract might begin 
as a posterior polar cortical cataract but 
considered that it was rare for the first sign 
of a senile cataract to appear in this situation. 
The cause of the lens changes was attributed 
by Robinson to the great light and heat of 
the furnace, and he thought the reason why 
the mischief started at the posterior pole of 
the lens was that the nodal point is situated 
at the exact spot where the cataract begins ; 
here, he said, all the principal rays of the 
various pencils of rays falling on the lens 
cross and pass without refraction, and so 
this point of the lens receives the brunt of 
all the direct rays, harmful by their intensity 
and heat from the furnace, and is therefore 
the point first to suffer injury. 

This argument is untenable, however, 
since the “nodal point” is of geometrical 
significance only and in the eye is far for- 
ward of the posterior surface of the crystal- 
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line lens. Vogt ?* in 1912 studied the con- 
dition experimentally and considered that the 
changes arose from the direct effect of infra- 
red radiation on the lens fibers. Goldmann,’® 
however, was of the opinion that the changes 
in the lens were secondary to heating of the 
whole anterior segment of the eye, a view 
supported by Hartridge and Hill.*° Desjar- 
dins ** and Clapp ** both believe that damage 
to the subcapsular epithelium is the cause of 
the changes seen in x-ray and radium irradi- 
ation. 

Cogan and his co-workers ** (1952), in 
an investigation into the clinical and patho- 
logical characteristics of radiation cataract 
in general, carried out clinical investigation 
of 20 early cases and studied the histological 
changes in 27 cases. The clinical findings 
were remarkably uniform in all cases. In the 
early stages of the cataract formation, the 
opacities were in the plane of the posterior 
capsule and were frequently accompanied by 
polychromatic crystals. Later, flocculent cor- 
tical opacities developed. This description is 
characteristic of cataract resulting from 
infrared radiation, and Cogan and associates 
stated that the lenticular changes in a glass 
blower’s cataract seen by them were identical 
with those caused by ionizing radiation. On 
the other hand, an opacity that appeared to 
be in the posterior capsule and had extended 
into the cortex was seen in the lens of a 
patient not known to have had any significant 
radiation. The fact that posterior cortical 
changes in the lens indistinguishable from 
those produced by radiation may occasionally 
be seen in persons who have not been ex- 
posed to any special risk has been accepted 
by many experienced observers.+ 


INCIDENCE OF HEAT CATARACT AMONG 
WORKERS IN AN IRON ROLLING MILL 


A recent study by Dunn * on exposure of 
glass workers to infrared radiation showed 
no evidence of ocular disturbances, and the 
suggestion was made that further studies 
should be made in other industries in which 
exposure of the workers to heat is tradition- 
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RADIATION CATARACT IN INDUSTRY 


ally associated with the occurrence of lentic- 
ular changes. The present survey has been 
undertaken to investigate the incidence of 
such changes among the workers in the iron 
rolling mill of the Butterley Company, Lim- 
ited, where 283 persons are employed. 


DESCRIPTION OF PROCESS 

Pig iron is too impure a product to work 
in its raw state, and further processing is 
necessary to convert it into malleable or 
wrought iron before rolling can be done. 

The principal impurity is carbon, and the 
method used to remove it is known as pud- 
dling, which consists essentially in stirring 
about pig iron molten on the bed of a re- 
verberatory furnace until it becomes con- 
verted into malleable iron through the action 
of the oxygen of the air circulating through 
the furnace. 

The fireplace is to the right of the counter- 
poised lever, which is used to raise or lower 
the door to which it is attached. The charge 
of metal is introduced through this door and 
occupies the left half of the furnace as a 
whole. The stirring, or puddling, is carried 
out through the hole at the bottom of the 
door and is done alternately by two men 


known as the “puddler” and the “under- 
hand,” respectively. By the time the temper- 
ature has reached 1100 C, oxidation of the 
carbon has fully taken place, and the mal- 
leable iron is separated into pasty masses, 
or “balls,” which are then removed from the 
furnace by tongs (Fig. 2). Scrap iron is 
melted down, rolled, and cut in a similar 
fashion. 

The whole process from charging of the 
metal to extraction of the “balls” occupies 
about one and one-half hours and is called 
a “heat.” “Puddling” (Fig. 3) is done by 
means of a long iron bar, called a “rabble,” 
which may measure from 6 to 10 ft. in length 
and weighs approximately 1 cwt. The “rab- 
ble’ is introduced through the hole at the 
bottom of the furnace door, and the actual 
operation of stirring the metal lasts about 
three-quarters of an hour. It is shared by 
the “puddler” and the “underhand,” who 
watch the changes taking place in the metal 
through the hole in the door. In each shift, 
four “heats” are worked. 

After removal from the furnace, the “ball” 
is carried by a pair of tongs, suspended from 
an overhead rail, to a power-operated ham- 
mer, where the cinder is more or less com- 
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Fig. 1-—Drawing showing detail of a puddling furnace. 
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pletely squeezed out of the spongy mass of 
particles, and the malleable iron is welded 
into a solid, oblong, more or less rectangular 
slab known as a “billet.” The “shingler,” 
who carries out this operation, serves several 
furnaces. 


From the hammer (Fig. 4+) the “billet” 
is dragged by a pair of tongs to the nearby 
rolls, where the piece of metal, still at a very 
high temperature, is passed backward and 
forward through a succession of grooves 
until it is extended into a long flat bar (Fig. 
5), varying in size from 6 to 12 ft. in length 
and from 3% to 5 in. in width. 


The men who work on the mills are known 
as “roughers” and “finishers.” 


Fig. 3. 


Fig. 2—The “ball” being removed from furnace by means of carrying tongs. 


The bar is drawn by a pair of tongs to a 
convenient point, where it is allowed to cool 
and subsequently cut up by shears into pieces 
up to 10 in. in length. 

The cut pieces are piled into packets, 
which are then raised to welding heat in a 
mill furnace. This process takes about the 
same time as that required for puddling, 
namely, one and one-half hours and is almost 
continuous, and during it the metal is raised 
to a temperature of 1300 C. 

On removal from the mill furnace, the 
“billets” are taken by a pair of tongs to 
another set of rolls having grooves similar 
to those already described but considerably 


A puddler using his “rabble.” 
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Fig. 4.—The white hot metal under the hammer. 


smaller. After the “billets” have been passed 
through these rolls and allowed to cool, the 
process is complete. 

The workers exposed to a high degree of 
infrared radiation are therefore the “pud- 
dlers,” “‘underhand puddlers,” “shinglers,” 


“ball furnacemen,” ‘“underhand ball furnace- 
men,” “furnacemen,” “underhand furnace- 


men,” and “roughers.”’ Fifty-two persons are 
engaged in these occupations. 
None of the workers use any form of eye 


protection except the “shinglers,”” who wear 


Fig. 5—Red hot bar of iron being passed through the rolls. 
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masks of fine-mesh, nonrusting metal, which, 
although designed primarily to prevent in- 
juries from flying pieces of cinder given off 
while the metal is still under the hammer, 
may also give some protection against infra- 
red radiation. Other workers refuse to wear 
lenses of any kind on several grounds, 
namely, that exposure to heat causes the 
frames of spectacles or goggles to become 
uncomfortably hot, that the lenses become 
misted owing to sweating, that the range of 
vision is impeded by goggles, and that, so 
far as the “puddler” is concerned, he cannot 
judge the state of the metal in the furnace 
through glasses even slightly tinted. It may 
be suspected that, in fact, prejudice and 
conservatism play a part in the opposition of 
the men to the use of eye protection. 
STUDIES OF THE INTENSITY OF INFRARED 
RADIATION EXPERIENCED BY WORKERS 
EXPOSED TO RISK IN IRON 


ROLLING MILLS 


The tests were made at the three main 
stages of the work, i. e., puddling furnace, 
hammer, and 10 in. roughing mill, and the 
estimation was carried out by means of a 
thermopile placed in the approximate posi- 
tions of the men’s eyes during the various 
processes. A rough check on the validity of 
the results was furnished by optical pyrom- 
eter readings, together with the geometry 
of the radiating sources with respect to the 
eyes of the operators. 

The instruments used were a Moll-type 
thermopile, manufactured by Kepp and Sons, 
of Delft, the output of which was measured 
by a potentiometer, and a Cambridge Optical 
Pyrometer. 

Values were obtained before and during 
rabbling, when radiation falls on the opera- 
tors from the open jamb. Readings were 
taken with the door raised and subsequently 
on the “ball” when taken out of the furnace. 

Readings were taken from the hammering 
of the iron from the puddling furnace. Values 
were obtained before the entry of the “billet” 
into the first roller and after the exit of the 
strip from the final roller. 
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The intensity of radiation was calculated 
from the relationship 


R, (cal/sq. cm/sec.) =kE+c 
where 


k and ¢ are constants derived from calibration of 
the particular thermopile, and E is the electromo- 
tive force (emf) generated by the thermopile. 


For checking, the intensity was also cal- 
culated from the relationship 
Ao T* 


R: (cal/sq. cm/sec.) = 


where 


d is the projected area of the source, ¢ is Stefan’s 
constant, and 7 is the absolute temperature. 


The calculated results 


Table 1. 

The number of calories per square centi- 
meter per second obtained with the thermo- 
pile must be considered to be the amount of 
infrared radiation falling on the operator's 
eyes. The speed at which the processes were 
carried out made accurate readings impos- 
sible, and the distance of the eyes of the 
operators from the sources could be esti- 
mated only roughly. 

The quantities of radiation as given by use 
of the optical pyrometer and geometry of 
the sources are unreliable except to give an 
indication of the order of magnitude. The 
emissivities of the sources at the various 
s'ages were unknown except at the furnace, 
where the source was assumed to be a black- 
body emitter. 

Furthermore, the areas of the sources 
could only be estimated very approximately. 


are shown in 


CLINICAL STUDIES 


Although cataract occurring in iron work- 
ers has been a scheduled disease under the 
Workmen’s Compensation Acts since 1921 
and a prescribed disease under the National 
Industrial Injuries Act since its inception, 
only two workers engaged at the Butterley 
Iron Rolling Mills have been awarded com- 
pensation for the condition, and it is now 
nearly 20 years since a claim for compensa- 
tion or injury benefit by reason of cataract 
due to the rays from molten or red hot metal 
has been made. The two compensation 
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awards for radiation cataract were made in 
1932 and 1935, and both successful claim- 
ants were puddlers of many years’ experi- 
ence, the one aged 56 and the other not less 
than 57 years, although it is not possible 
after this period of time to obtain exact 
information. Nevertheless, the reports made 
on the state of these men’s eyes at the time 
do not now seem altogether convincing, and 
in one case the lens changes were certainly 
not typical of radiation cataract. 

Two somewhat dubious cases of heat cata- 


ract therefore in over 30 years seemed to 


TABLE 2.—Classification of Eye Examinees 
by Age Groups 


Age 
Group, Workers, Controls, 

Yr No. No. 
13 
ll “4 
6 13 
ns 6 17 
2 8 


|. E. Coates, from the Department of 


indicate that the state of the eyes of those Ophthalmology of the Derbyshire Royal 


employed in these iron rolling mills would 
be worthy of study. 


Souree 

Furnace jamb 
Before rabbling 
During rabbling 
Door up 


Ball outside furnace.... 


Iron at hammer 


Iron at roughing mill 


Of the 283 persons employed, 52 are en- 
gaged on processes exposing them to the 
glare of red hot metal, and of these 44 sub- 
mitted themselves to examination of the 
eyes. The average period of time for which 
these workers had been at risk was 17 years; 
14 men had been exposed for more than 20 
years each, while only 5 men had had less 
than 5 years’ exposure. As a control, 104 
men drawn from the population of a mental 
institution were examined ; the only common 
factor in all these persons was the fact that 
they had had no previous exposure to heat, 
apart from that encountered in normal life. 
In Table 2 those examined are classified by 
age groups. 

After a preliminary survey by one of us 
(G. F. K.) of the state of the lens of the men 
exposed to risk in the iron rolling mill, Mr. 


TaBLe 1.—Calculated Intensity of Radiation 


Infirmary, kindly carried out a full ophthal- 
mological examination of both workers and 


Ri Temperature Re 

(Cal as Shown (Cal 
Average Sq. Cm by Optical Sq. Cm 
EMF Sec.) Pyrometer, C Sec.) 
11.86 0.05 
18.56 0.08 1480 0.08 
36.70 0.15 1480 0.25 
24.00 0.10 1480 0.06 
23.52 0.10 1495 0.24 
14.31 0.06 1440 0.10 
12.35 0.05 1385 0.04 

3.71 0.02 1247 


controls. Among the 44 iron workers, the 
main changes were in the posterior capsule ; 
there did not appear to be a greater incidence 
of alteration in the lens on the one side or 
the other. 

Of the 44 iron workers examined, only 3 
(6.8% ), all over the age of 65, showed the 
classical posterior cortical changes originally 
described as typical of heat cataract. Poste- 
rior capsular changes were noted in 26 
(59%) of the workers examined, but poste- 
rior capsular opacities were also seen in 16 
(15%) of the men in the control group. It 
may be noted also that such appearances 
occurred in seven men under the age of 50 
in the workers’ group and in four men under 
the same age in the control group. Posterior 
capsular changes, therefore, seem to be rela- 
tively common in comparatively young men 
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who may not have experienced any undue 
degree of infrared radiation, and it seems 
plain that posterior capsular changes are 
not necessarily the result of exposure to 
high levels of radiation. 

Mr. Coates was firmly of the opinion that 
the changes which take place as a result of 
exposure to radiant energy above a certain 
threshold are of the same nature as those 
taking place with other types of radiation. 
It is hoped that a full account of his investi- 
gations may be published separately. 


COMMENT 


Dunn * reported that at the Corning 
Glass Works, in Corning, N. Y., no claims 
of failing vision or ocular disorder in any 
of their workers had been made at any rate 
since 1921, nor had the medical director or 
the company ophthalmologist ever seen or 
heard of a cataract in a glass worker. At the 
time of Dunn’s investigation there were 70 
to 75 hand (as opposed to mechanized) glass 
workers at the Corning Glass Works, and 
a random sample of 10% of these men were 
submitted to an “exhaustive examination” 
by the company’s ophthalmologist. All these 
men were over 50 years of age, and “the re- 
Nevertheless, 
the existence of radiation cataract as an oc- 
cupational hazard is beyond doubt, for many 
cases have been described and in the United 
Kingdom extensive surveys, to which refer- 
ence has already been made, have demon- 
strated the typical lens changes in workers 
exposed to infrared radiation. But only a 
small number of these men appear to develop 


sult was completely negative.” 


lenticular opacities, and reports of the fre- 
quency of their occurrence vary; thus Rob- 
inson * reported an incidence of 10%, while 
in Legge’s survey ® 20% of workers were 
affected. The number of successful claims 
for compensation for radiation cataract in 
the United Kingdom has certainly never 
been great, and this may be due partly to 
the fact that only relatively few of the work- 
ers exposed to risk become affected; it is 
also partly because in many of those who 
do develop lens changes the visual acuity 
is not reduced or is not sufficiently reduced 
312 
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to interfere with the worker’s ability to carry 
on with his employment. 

It has been claimed that the incidence of 
occupational cataract has diminished over the 
years.t Thus in the first five years after 
cataract had become a scheduled disease for 
glass workers, successful claims averaged 
two each year, whereas the average was one 
per annum in the nine years between 1939 
and 1948. On the other hand, in the first 
five years after the condition became sched- 
uled for iron workers, the average number 
of successful claims each year was 12, com- 
pared with an average of 20 per annum for 
the years between 1939 and 1948. Successful 
claims, however, for radiation cataract in 
all industries have ranged between 10 and 
20 per annum, and, although for the years 
since 1948 it has not been possible to dis- 
tinguish between cases arising in the glass 
and metal industries, it does seem that there 
is a fall in the incidence of radiation cataract 
throughout industry as a whole. 

The smaller number of successful claims 
among glass workers has been attributed to 
the very considerable replacement of hand 
operations by mechanized methods of pro- 
duction and to the provision of eye protec- 
tion for those workers still engaged on hand 
methods."® 

Blowing of glass by craftsmen, however, 
is still required for producing tableware and 
scientific and lighting glassware, and, having 
regard to the increase of population since the 
sarly years of the century and the greatly 
increased demands for these kinds of glass- 
ware, it seems unlikely that the number of 
persons still exposed to risk has fallen to 
any great extent. Moreover, it cannot be 
assumed that because eye protection is pro- 
vided it is necessarily used. Eye protection, 
indeed, can hardly account for the reduced 
number of cases of radiation cataract occur- 
ring in metal industries; although protective 
measures have been adopted to some extent 
in the chain making industry,$ they are not 


t References 16 and 24. 


§ Lloyd Johnstone, I.: Personal communication 
to the authors. 
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widely used (if at all) in other metal indus- 
tries. 

The occurrence of changes indistinguish- 
able from those taking place in the lenses of 
persons exposed to a radiation risk and in 
others not so exposed is an interesting sub- 
ject for speculation and research. It seems 
reasonable to think that the lenses of some 
persons are more susceptible to radiation 
than others, and it is possible that the in- 
frared radiation met with in daily life, ex- 
perienced over comparatively short periods 
of time, may be sufficient to bring about 
changes in the lenses of such persons. It 
is well known, for example, that considerable 
intensities of infrared radiation are given 
off by ordinary domestic fires. 

Individual susceptibility would also ac- 
count for the fact that lens changes take 
place in only a small proportion of the work- 
ers at risk. 

Orr,** on the other hand, postulated the 
presence of sensitizers which he thought 
might play a part in cataract formation, and 
he suggested that this is the reason why 
some persons develop cataract while others 
under the same conditions are unaffected. 
Orr also suggested that the diminished in- 
cidence of radiation cataract may be due to 
the higher standard of living of the workers 
today, with better home conditions, better 
nutrition, and more opportunities for rest 
and recreation. He thought that these fac- 
tors in some way may have enabled the 
workers to withstand the effects of infrared 
radiation on their eyes. Unpublished studies 
into the diet in early life of 55 workers aged 
60 and over employed by the Butterley Com- 
pany did not lend support to the theory that 
the nutrition of these workers 50 years ago 
was greatly different from that at the present 
time. Butterley workers, however, live in 
the country, and it is possible that the nutri- 
tional standard of the urban worker in the 
early part of this century was not so satis- 
factory. 

CONCLUSIONS 


Opacities in the posterior capsule and even 
in the posterior cortex of the lens do not 
seem to be specific to those exposed to a high 


intensity of radiant energy. Only a small 
proportion of workers exposed to the risk 
of infrared radiation develop radiation cata- 
ract, and the incidence of the condition ap- 
pears to be falling considerably. Infrared 
radiation is given off by the domestic fire 
which may be sufficient to cause lens changes 
in susceptible persons. 

Dunn * is right in calling for new research 
into the pathogenesis of lens changes due 
to infrared radiation. 


SUMMARY 


The literature of radiation cataract as an 
occupational hazard is briefly reviewed. 

The pathogenesis of the condition is dis- 
cussed. 

A description of the process in iron rolling 
mills is given. Studies were made into the 
intensity of infrared radiation to which work- 
ers are exposed. Readings ranged between 
0.02 and 0.10 cal/sq.cm/sec. 

The findings of a survey into the state of 
the eyes of 44 workers exposed to risk in 
an iron rolling mill are discussed. Out of 
44 workers examined, only 3 men (6.8% ), 
all over the age of 65, showed the classical 
posterior cortical changes of radiation cata- 
ract. Posterior capsular changes were noted 
in 26 (59%) of the men examined and in 
16 (15%) of those in a control group of 
104 persons. 

Radiation cataract has never been common 
in the United Kingdom. 

There is evidence to suggest that the in- 
cidence of the condition has diminished since 
the early years of the century. 

Posterior cortical changes and posterior 
capsular changes in the lenses are not pathog- 
nomonic of radiation cataract and are oc- 
casionally seen in persons unexposed to a 
radiation risk. 

Some persons appear to be highly sensitive 
to the effects of radiation on the eyes, and 
lens changes may occur in such persons in 
the absence of undue exposure to infrared 
radiation. 

Quite high levels of infrared radiation are 
given off by domestic fires and may cause 
lens changes in susceptible persons. 
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Special investigations were undertaken by Mr. 
J. E. Coates, of the Derbyshire Royal Infirmary, 
and much help and advice were offered by Mr. 
Angus Cameron, Dr. T. C. Angus, of the London 
School of Hygiene and Tropical Medicine, Dr. 
L. H. G. Moore, of Dudley, and Dr. I. Lloyd 
Johnstone, of Malvern. The managements of 
Messrs. Stuarts Crystal Works, at Stourbridge, and 
of the Phoenix Glassworks, at Bilston, and Messrs. 
Kendrick and Mole, of Craidley Heath, made it 
possible for visits to be paid to their works to see 
the processes of glass manufacture and chain mak- 
ing. Mr. Rider, the Secretary of the Glass Manu- 
facturers’ Federation, went to much trouble to obtain 
statistics and information on the subject of glass 
manufacture in Great Britain. Mr. Leighton, the 
Manager of the Butterley Iron Rolling Mills, and 
the members of the nursing and clerical staff of- 
fered much help in the preparation of this paper. 
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Hygiene 


JOHN C. McGOWAN, Ph.D., Northwich, Cheshire, 
England 


In the past it has often been suggested 
that the toxicity of many chemicals depends 
upon their physical rather than their chemi- 
cal properties,* and such chemicals have been 
classed as physically toxic chemicals. It has 
been shown by Ferguson * that, while many 
chemicals exert the same toxic effect on a 
given organism at widely different concen- 
trations in the circumambient phase, the 
ratio of toxic concentration to the concentra- 
tion required to saturate that phase often 
lies within a relatively narrow range. The 
ratio of the partial pressure p of the vapor 
of a substance over a solution containing it 
to its saturated vapor pressure is equal to 
the “activity” or thermodynamic concentra- 
tion of the substance in the solution (pro- 
vided that the vapors are sufficiently dilute 
to obey the gas laws, which is usually the 
case). Writing a for the activity, we have 

b/ps=a (1) 
If the solution is ideal, the activity is equal 
to the concentration of the substance in the 
solution when this is expressed as a mol 
fraction. Ordinary solutions usually do ap- 
proximate in behavior to ideal solutions, and 
Gavaudan, Dodé, and Poussel® concluded 
that many substances were equitoxic when 
present in the same concentration in some 
biophase within the living organism. It is 
found that p/p, values for any given meas- 
ure of toxicity increase toward unity as a 
homologous series is ascended and that mem- 


From Research Department, Imperial Chemical 
Industries, Limited (Alkali Division). 
* References 1 to 4. 


bers of the series beyond a certain point are 
inactive, because, as Ferguson and others 
have pointed out, even the saturated vapors 
are insufficiently concentrated to show bio- 
logical activity. For solutions, it is the 
ratio C/C, (where C is the toxic concentra- 
tion and C, is the concentration of a satu- 
rated solution) that lies within a narrow 
range. This was pointed out by Fiihner * 
who showed that for 29 substances he tested 
this ratio lay between 0.3 and 0.5. 

The suggestion that physically toxic sub- 
stances are equitoxic when present in some 
biophase within the living organism has been 
considered in the light of the “hole” theory 
of solubility, and equations have been derived 
for the calculation of the toxicities of vapors 
and of aqueous solutions. The toxicities of 
aqueous solutions have received fairly de- 
tailed treatment already,; and from the point 
of view of industrial hygiene, interest in 
them is limited to those who have to deal 
with such problems as the toxicities of 
effluents to fish. This discussion will, there- 
fore, be confined to the toxicities of vapors. 
Some time ago, the following three equa- 
tions? were put forward for the calcula- 
tion of the approximate toxicities of vapors. 
RT (2) 

logiC (3) 

logwC r=logwCa+7.7+4 x 1023p,—0.036[P] (4) 
here 

Ris the gas constant. 

T is the absolute temperature. 


C; is the concentration of gas or vapor molecules 
in the gas phase. 


Cp is the concentration of gas or vapor molecules 
in the biophase and is a constant for a given 
manifestation of toxicity. 


r is the radius of the molecule of gas or vapor. 
¢ is the surface tension of the biophase. 
N is Avogadro’s number. 


+ References 8 to 10. 
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Ex is a term for the interaction energy involved 
in the solution process. 


=f represents the sum of factors corresponding 
to the groupings making up the molecule of 
the toxic gas or vapor. 


px is the polarizability of the gas or vapor. 
[P] is the parachor of the gas or vapor. 


Equation (2) has already been discussed 
at some length, and it is of no great interest 
in practice, because E, has to be determined 
experimentally from solubility measure- 
ments. Equation (4) is based on an equation 
of Eley ** who found that for a number of 
simple substances an interaction term was 
proportional to the polarizability p, of the 
gas or vapor. Eley ** has recently examined 
his relationship further and found that this 
proportionality holds up only to values of 
px of about 3.5x10°* and that for 
somewhat larger molecules the interaction 
would be expected to be inversely propor- 
tional to the cube root of p,. Nearly all 
vapors of interest have p, above 3.5104 
cm.* so that Equation (4) is of very limited 
usefulness. Equation (3) is probably the 
most useful equation for the estimation of 
toxicities. A list of factors f for use with 
Equation (3) was derived*' from the tox- 
icity studies of Carpenter, Smyth, and Poz- 
zani.'* In Table 1 a revised list of factors 
is given which is based on a much larger 
amount of data. On the whole, the revised 
values do not differ greatly from those given 
originally. No figures are given in Table 1 
for silicon and fluorine. There is some doubt 
about the factor for silicon in the original 
list, but it is probably correct. There is not 
a great deal of data for fluorine compounds, 
but the substitution of C-F for C-H appears 
sometimes to increase the toxicity a good 
deal less than one would calculate with the 
factor —0.6 derived from the studies of Car- 
penter, Smyth, and Pozzani. The values of 
the factors in Table 1 are such that when 


tIn Reference 11, the values of logwCt deter- 
mined by Carpenter, Smyth, and Pozzani for silicon 
tetrafluoride, silicon tetrachloride, and amyltri- 
chlorosilane were unfortunately quoted wrongly; 
the figures should have been 4.2, 3.9, and 3.2, 
respectively. 
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TABLE 1.—Revised Additive Factors for Calculation 
of the Toxicities of Vapors by Means of 
Equation (3) 


2.16 
Substitution of C=C by CH—CH............. —0.1 

Substitution of C—C by C—O—C.............. —0.3 

Substitution of C—H by C—CHs.............. —0.34 
Substitution of C—C by C—CHe—C........... —0.34 
Substitution of C—H by C—Cl................. —0.74 
Substitution of C—H by N..............eeceee. —0.75 
Substitution of C—C by C—S—C.............. —1.17 
Substitution of C—H by C—Br................ —1.23 
Substitution of C—H by C—OH............... —1.4 

Substitution of C—C by C—O—C—C.......... —1.42 

Substitution of C—H by C—I.................. —1.67 
Substitution of C—H by C—CH=0............ —1.75 
Substitution of C—C by C—C—C.............. —1.75 

Substitution of C—H by C—CN................ —2.15 
Substitution of C—H by C—NOsz............... —2.4 

Substitution of C—H by C—CeHs............. —2.56 


used in Equation (3), C, is given directly 
in parts per million (V/V), the usual units 
for work of this kind, while Cy, the concen- 
tration in the biophase, is expressed in gram 
molecules per liter. It has been known for 
a considerable time that each member of 
many homologous series is two to three 
times more toxic than the preceding one § ; 
this is equivalent to the statement that the 
addition of a CH: group causes logwC, to 
decrease by about 0.4. It is of interest that 
Tattersfield and Roberts '? considered some 
effects of substitution on the toxicity of or- 
ganic compounds to wireworms. They listed 
a few ratios: (toxic concentration of substi- 
tuted compound)/(toxic concentration of 
unsubstituted compound). The logarithms 
of these ratios for examples where the com- 
pounds are both chemically inert give the 
following factors for changes in logwC, 


Addition of CH: —0.34 
Replacement of C-H by C-Cl —0.6 
Replacement of C-H by C-OH —1.8 
Replacement of C-H by C-NH: —1.6 


There is an obvious resemblance between 
these factors and the corresponding ones 
given in Table 1. 


§ References 15 and 16. 
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Recently, a further equation for the calcu- 
lation of the approximate toxic concentra- 
tions of the vapors of liquids has been put 
forward.'* 

logiol t= logiwC n+ (5) 
The applications of this Equation (5) to 
toxicity data (where Cy, is the molar con- 
centration of the liquid in its own pure 
liquid phase and the other symbols represent 
the same quantities as before) have not so 
far been examined. The derivation suggested 
that it would apply only to unassociated sub- 
stances which do not participate in hydrogen 
bonding, but it has now been found to be 
more useful than was anticipated. It can 
apparently be applied to the vapors of all 
unassociated liquids, whether they partici- 
pate in hydrogen bonding or not. It can be 


* This is abbreviated table; original submitted to the Documentation Institute. 


applied to physically toxic compounds when 
Equation (3) fails because some required 
factor is unknown. It should, however, be 
pointed out that, while Equation (5) applies 
only to vapors of liquids, Equation (3) can 
be used for gases and vapors of solids as 
well as for vapors of liquids. 
Equation (5) can be written 
(Cu X 10 
CL 

Since C, 10°?" equals p, a comparison of 
this equation with Equation (1) shows that 


~—3.12 
Logie {Cex 


Ca X 
CL 
Thus, Equation (5) is a modification of 
Ferguson’s* relationship, and for a given 


manifestation of toxicity Cg is a constant 
and values of 0.0014 [P]—logwC,, fall within 
a narrow range. 


Caleulated 


logioCt—logioCr Observed 
3.12+logiops _ 
logi0Ci Grain Wire- Rice 
Compound logiops logioCL 0.0014[P] +0.0014[P Weevils worms Weevils 

Acetie acid, ethyl ester........... 1.705 1.010 0.299 4.11 4.26 3.9 ad 4.1 
Acetic acid, isopropyl ester...... 1.668 0.935 (146 C) 0.355 4.21 3.92 4.0 “nt 3.9 
Acetie acid, methyl ester......... 2.221 1.098 (25 C) 0.243 4.49 4.60 4.1 wai 4.2 
Acetic acid, propyl ester......... 1.397 0.935 0.355 3.94 3.92 3.7 aia 3.7 
2.249 1.138 0.218 4.45 4.27 44 ats 4.6 
SN. cctecsecennnepeanubeewnaes 1.810 1.051 0.288 4.17 4.14 4.5 4.0 4.0 
0.943 0.993 0.340 3.41 3.40 3.7 3.4 3.7 
Benzene, 1,2-dichloro- ............ 0 0.948 (22 C) 0.392 2.56 2.66 ae 2.9 3.4 
0.649 1.058 0.314 3.02 2.67 2.9 3.0 3.7 
1.901 1.048 0.274 4.25 3.93 3.9 ane 4.3 
Butyl chloride (m)............... 1.922 0.980 0.319 4.38 4.60 4.4 “an 4.2 
tert-Butyl] chloride ........sese0e 2.394 0.959 (15 C) 0.319 4.87 4.60 4.0 or 3.4 
Carbon disulfide ...........cccee. 2.472 1.320 0.203 4.47 esis 3.7 3.8 34 
Carbon tetrachloride ............ 1.938 1.016 0.308 4.35 3.40 4.3 4.3 4.4 
2.186 1.096 (15 C) 0.256 4.47 4.14 4.3 4.1 4.2 
Ethane, 1,l-dichloro- ............ 2.253 1.074 0.259 4.56 4.54 4.7 an 4.5 
2.584 1.118 0.226 4.81 4.79 4.3 4.0 
Ethylene, 1,2-dichloro- (cis)..... 2.209 1.116 (5 C) 0.243 4.46 5.1 4.6 4.6 4.6 
Ethylene, tetrachloro- .......... 1.149 0.993 (15 C) 0.347 3.62 3.2 3.8 an 4.4 
Ethylene, trichloro- ............. 1.778 1.040 (25 C) 0.295 4.15 3.9 4.2 4.1 4.5 
Ethylene bromide ............... 1.030 1.063 (25 C) 0.298 3.38 3.56 1.6 wah 3.5 
1.548 0.834 0.435 4.17 4.32 4.3 4.0 4.2 
2.080 0.884 0.379 4.69 4.66 4.7 4.6 ese 
1.499 1.116 0.234 (3.74) 4.3 4.2 4.3 
Isopropyl bromide .............. 2.231 1.027 0.282 4.61 4.45 a 41 
Isopropyl chloride .............. 2.632 1.039 0.263 4.97 4.94 5. est 4.5 
1.744 1.001 0.315 4.18 4.01 3.7 3.4 
1.435 1.268 0.171 3.46 4.0 3.9 4.0 
1.971 1.394 0.122 (3.82) 5.0 4.6 4.6 
Methylene chloride .............. 2.529 1.197 0.203 4.65 4.88 4.7 ee 4.5 
2.626 0.938 0.323 5.13 5.00 5.1 5.3 oes 
1.081 0.977 (9 C) 0.330 3.55 3.59 3.6 4.1 
Propyl bromide (n).............. 2.039 1.041 0.282 4.40 4.45 4.1 pon 3.6 
Propyl chloride ().............. 2.442 1.054 0.263 4.77 4.94 4.9 ped 4.5 
1.337 0.974 0.344 3.83 3.80 4.1 3.7 
0.814 0.909 0.400 3.42 3.46 3.7 3.4 


: 
TaBLe 2.—Comparison of Observed and Calculated Toxicities to Insects * : “ 
: 
. 
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The toxic doses of a large number of 
vapors to insects have been measured, and in 
Table 2 some observed toxicities are com- 
pared with approximate toxicities calculated 
by means of Equations (3) and (5). In 
the first column of this Table the names of 
320 compounds are given. The compounds 
are named and arranged as in the “Hand- 
book of Chemistry and Physics.’”** In order 
to save space, each compound has _ been 
entered once only under the name used for 
the main entry in the Handbook. A number 
of synonyms will be found in the Handbook 
with references to the main entry. The sec- 
ond column of Table 2 lists values of logwp, 
where P; is in millimeters of mercury at 20 C. 
All the values of logwp, are calculated from 
the data listed by Stull.2° If p: and pf: are, 
respectively, the two vapor pressures given 
in the list at 7: and 72, the absolute tempera- 
tures nearest to 20 C (293.1 absolute), then, 
since a plot of logiop against ‘/7 nearly 
always gives a good straight line 


— + Telogiop2—T ilogwp1 
293.1(T2—T1) (T2—T1) 


The third column of Table 2 shows values 
of logwCy, at 20 C calculated from the molecu- 
lar weights and densities given in the 
“Handbook of Chemistry and Physics.” 
Densities at 20 C are not always given in the 
Handbook, and sometimes the density at 
some other temperature has been used. No 
great errors should have been introduced by 
this, and when the figure refers to a tempera- 
ture other than 20 C, the temperature is 
shown in brackets. 

In the fourth column of Table 2, values 
for 0.0014 [P] are given. The parachors 
have been calculated.*? Values of 0.0014 [P] 
can be found directly by means of the follow- 
ing factors 


H 
0.0346 
Cc N F 
0.0666 6.059 0.051 0.043 
Si P S cl 
0.111 0.103 0.095 0.087 
Ge As Si Br 
0.130 0.123 0.115 0.107 
Sn Sb Te I 
0.162 0.154 0.146 0.138 
Pb Bi 
0.159 0.151 
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The factors for all the atoms in the molecule 
of the compound are added together, and 
0.0266 is subtracted for every bond, regard- 
less of whether it is a single, double, or triple 
bond. As an example, 0.0014 [P] has been 
calculated below for acetaldehyde, the second 
compound listed in Table 2. The structural 
formula is 


HH 
| | 
H—C—C 


H O 
which gives 
4x H=0.1384 
2X 
1xO=0.051 
Sum=0.3226 
Subtract for 6 bonds=0.1596 
0.0014[P]=0.163 


According to Equation (5) 

logioC p—=3.12+ 

and the expression on the right-hand side of 

this equation is given in the fifth column of 

Table 2. From Equation (3), we have 
logiwC 


and in the sixth column values of Xf calcu- 
lated from Table 1 are given. Observed 
values of logwC,—logwC, are given in the 
last three columns of Table 2. According 
to the theory, Cy, is the molar concentration 
of toxicant in some biophase and is a con- 
stant for a given manifestation of physical 
toxicity. The first of the last three columns 
of Table 2 is based on the figures || for the 
median lethal doses of vapors to grain 
weevils (Sitophilus granarius) with logwC, 
taken as 0.30 (this value fits rather better 
than 0.5 which was used previously ** with 
the original values of f). In the next column 
C, refers to the median lethal doses found 
by Tattersfield and Roberts** for wire- 
worms, larvae of Agriotes species. Here 
logwC, has been taken as 0.30 which is the 
same figure as was used previously."* All 
compounds for which definite figures for the 
toxicity are given by Ferguson and Pirie,” 
by Hassall,?* or by Tattersfield and Rob- 
erts *? are included in Table 2. In the last 


|| References 22 and 23. 
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column of Table 2, the very extensive data 
of Roark, Cotton, and co-workers§ for 
toxicities to the rice weevil (Sitophilus 
oryzae) have been used. When figures for 
one compound are given both by Roark and 
Cotton ** and by Neifert, Cook, Roark, 
Tonkin, Back, and Cotton,”° the figures of 
Roark and Cotton have been taken. The 
concentrations are those required to kill 
100% of the rice weevils after exposure for 
24 hours at 25 C, and logwC, has been taken 
to be 0.6. It should be pointed out that the 
tests of Roark, Cotton, and co-workers were 
made for the sole purpose of rapidly survey- 
ing the field of possible fumigants for the 
destruction of insects in grain and are not 
of great accuracy. Also the tests were con- 
ducted in the presence of a relatively large 
quantity of wheat which strongly absorbs 
the vapors of many compounds. 

The agreement between the figures in the 
last five columns of Table 2 is quite good. 
From its derivation, Equation (5) would 
be expected to apply to only nonassociated 
compounds which do not participate in hy- 
drogen bonding, for example, compounds 
containing only carbon, hydrogen, and the 
halogens. The equation, however, appears to 
give good results, except with compounds 
containing hydroxyl groups which from the 
equation would be expected to be more toxic 
than they actually are. Values of logwC,— 
logeC, calculated from Equation (5) for 
compounds containing hydroxyl groups have 
been enclosed in brackets in Table 2. The 
equation should not be used for such com- 
pounds, but Equation (3) is satisfactory. 

The values of Sf for two isomeric com- 
pounds will usually be identical, and it is 
roughly true that the toxicities of such 
isomers showing physical toxicity are the 
same.’? However, small differences in tox- 
icity are found among isomers, and Equa- 
tion (5) can be used to arrange isomers in 
order of toxicity. Among paraffinic deriva- 
tives, it has been observed that the 
straight-chain isomers are more toxic than 
those with branched chains, and the follow- 


"{ References 24 and 26. 


ing values of 


P|) taken from Table 2 show this effect. 


Straight Chain 
Acetie acid, propyl 


Branched Chain 
Acetie acid, isopro- 


Propionie acid, ethyl 

3.97 

Butyrie acid, methyl 

3.91 
Butyl alcohol (mn)... 3.07 Isobutyl aleohol..... 3.33 
Butyl chloride (n).. 4.38 Isobutyl chloride.... 4.54 


tert-Butyl chloride.. 4.87 


Butyrie acid, ethyl Isobutyrie acid, 


3.76 ethyl ester......... 3.93 
Propionie acid, Acetie acid, isobutyl 
propyl ester........ 3.58 3.82 
Heptane (n)......... 4.17 Hexane, 2-methyl-... 4.44 
Hexane, 3-methyl-... 4.40 
4.69 Pentane, 2-methyl-.. 4.84 
Pentane, 3-methyl-.. 4.78 
2-Hexanone ......... 3.00 2-Pentanone, 
4-methyl- .......... 3.31 
Pentane 5.13 Butane, 2-methyl-... 5.26 
2-Pentanone ......... 3.56 Butanone, 3-methyl- 3.82 
3-Pentanone ......... 3.55 
Propyl bromide ..... 4.40 Isopropyl bromide... 4.61 
Propyl chloride...... 4.77 Isopropyl chloride.. 4.97 
Propyl ether......... 4.43 Isopropyl ether..... 4.7 
Propyl iodide........ 3.94 Isopropyl iodide..... 4.18 


The observed toxicities of carbon tetra- 
chloride are not in good agreement with 
those calculated from Xf. A possible ex- 
planation for this is that the replacement of 
a hydrogen atom in a hydrocarbon by a chlo- 
rine atom creates a considerable dipole mo- 
ment which may affect solubilities, and the 
factor f for the substitution of C-H by C-Cl 
may include some influence of this dipole 
moment. In carbon tetrachloride there is 
no dipole moment, and some other halogen 
compounds have only small dipole moments, 
so that the use of f for the calculation of the 
toxicities of such compounds may give er- 
roneous results. 

When the observed toxicity of a com- 
pound is considerably greater than the cal- 
culated physical toxicity, “chemical toxicity” 
is to be suspected. The term “chemical 
toxicity” is used here in a very broad sense. 
Ferguson and Pirie ** considered that among 
the compounds they tested for toxicity to 
grain weevils most alkyl bromides, iodides, 
and formates, aliphatic amines and alde- 
hydes, methyl chloride, ethylene dibromide, 
carbon disulfide, and perhaps alkyl acetates 
were chemically toxic. Their conclusions find 
support from the figures given in Table 2. 
It is not usually difficult to distinguish be- 
tween physically and chemically toxic sub- 
stances. 1. In the first place, the effects of 
319 
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substituents in compounds showing chemical 
toxicity are quite different from those in 
compounds showing physical toxicity.** In 
the case of compounds in a homologous 
series, physical toxicity increases with each 
addition of a carbon atom. Chemical toxicity 
usually remains very nearly constant after 
the first one or two members in a homologous 
series of straight-chain compounds. Lower 
members of such a series may be chemically 
toxic and the higher members physically 
toxic. On the other hand, the chemical tox- 
icity of members of the series may be so 
great that there will be no sign of physical 
toxicity, and compounds will be toxic above 
the cut-off point expected from Equations 
(3) and (5). Eventually there will probably 
be a cut-off because the solubility or vapor 
pressure of the members with many carbon 
atoms will be less than the toxic dose. At the 
present time, not much is known about the 
effects of other substitutions on toxicities 
among groups of chemically toxic com- 
pounds, but in one or two such groups of 
compounds it has been possible to correlate 
the chemical toxicity with the same kind of 
electronic effects which determine the 
courses of chemical reactions.# 2. Physically, 
toxic substances give the same sequence of 
symptoms of toxicity, whereas quite differ- 
ent symptoms are usually found with chem- 
ically toxic substances. Irritant substances 
are often chemically toxic.’? 3. Chemicals 
appear in the same order in different mani- 
festations of physical toxicity.* A different 
order will, in general, be found with chemi- 
cally toxic compounds ** which sometimes 
give very specific effects. Busvine ** deter- 
mined the toxic doses of the vapors of ben- 
zene, toluene, trichloroethylene, tetrachloro- 
ethylene, carbon tetrachloride, and chloro- 
form for seven insect types and found the 
same order for the toxicities in each case. He 
found a different order for methyl acetate, 
ethyl acetate, ammonia, hydrogen cyanide, 
ethylene oxide, and sulfur dioxide—com- 
pounds which might be expected to be chem- 


# References 29 to 32. 
* References 7 to 10. 
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ically toxic toward some, if not all, of the in- 
sects. The ratio of the toxicities of a chemi- 
cal in two different tests may be revealing. 
The ratios of the toxic concentrations (Fer- 
guson and Pirie **) for grain weevils to the 
concentrations required to produce narcosis 
in mice (Meyer and Hemmi**) of ethyl 
chloride, dichloroethylene, and chloroform 
are &.4, 9.4, and 10.1, respectively. Ferguson 
and Pirie considered these three compounds 
to be physically toxic. The corresponding 
ratios for methyl chloride, ethyl bromide, and 
carbon disulfide have the much lower values 
of 1.2, 2.4, and 0.9, respectively. These last 
three compounds were considered by Fer- 
guson and Pirie to be chemically toxic 
toward their grain weevils. Presumably all 
six compounds were physically toxic in the 
tests of Meyer and Hemmi. 

The equations discussed above are useful 
not only for the prediction of concentrations 
which will cause the death of various organ- 
isms but also for the prediction of the concen- 
trations which will give rise to milder toxic 
symptoms. It might be expected, therefore, 
that a value could be given to Cy so that the 
equations could be used to determine the 
maximum average atmospheric concentra- 
tions to which men may be safely exposed. 
The indications are that this expectation may 
well be fulfilled. Obviously, this value of Cy, 
would have to be low, because it would rep- 
resent a concentration in the biophase such 
that no toxic symptoms whatsoever would 
develop in any of a large number of one of 
the most sensitive animals (man) when ex- 
posed to vapors for a long period. The pro- 
duction of surgical anesthesia in human 
beings corresponds to logwC,——0.3,7 and 
grain weevils are noticeably narcotized at 
logwCp——0.5.'* These two values of logwC, 
refer to exposures for comparatively short 
periods of time, and length of exposure has a 
great influence on logwCy. In the case of bac- 
teria,t logwC, is about 1.4 for exposures of 5 
to 10 minutes, about 0.7 for 24 hours, and 
about 0.3 for 48 hours. Figures ** for bac- 


+ References 8 to 10. 
t References 8 to 10, 36. 
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teriostatic doses in vitro of physically toxic 
chemicals to Mycobacterium tuberculosis at 
37 C with 14 days’ exposure suggest logwC, 
—=—1.0. Similar effects of time of exposure 
are found with other organisms. For the cal- 
culation of maximum average atmospheric 
concentrations of vapors to which men may 
be exposed, the figure of log;y>C,——1.4 is 
suggested tentatively. The large difference be- 
tween logwCy—=—1.4 and for 
bringing about the death of rats in four 
hours, may mean that there will be many 
substances which will show no toxicity in 
the rat tests but which may be very danger- 
ous to men who are exposed for long periods. 
Tattersfield and Roberts '* found that naph- 
thalene (logyp,——1.25) was not toxic to 
wireworms in 1000 minutes but that naph- 
thalene mixed into soil killed wireworms 
after several days. For naphthalene 
equals 2.16 and logeC, for the killing of 
wireworms in 1000 minutes is 0.3. Therefore 
by Equation (3) logwC, can be calculated as 
2.46. However, the saturation vapor concen- 
tration C, in parts per million is given by 
logeC, equals logwep,+3.12 (i. e., 1.87), 
which is less than the toxic dose. Naphtha- 
lene will show toxicity only when logweC, 
does not exceed —0.3, which must corre- 
spond to the death of wireworms in several 
days. 

With logwC, equal to —1.4, Equation (3) 
becomes Equation (6) 


logiwC:==f—1.4 ( 6) 


and Equation (5) becomes Equation (7) 
logwC +0.0014[ P] (7) 


In Table 3 some of the threshold limits for 
the maximum average atmospheric concen- 
trations of contaminants to which workers 
may be exposed for an eight-hour working 
day without injury to health ** are compared 
with figures for C, calculated from Equa- 
tions (6) and (7). The agreement between 
the suggested limits and those calculated, 
while not at all good, is nevertheless rather 
encouraging. The suggested limits are, of 
course, not listed as fixed values and are 
subject to review as more information be- 
comes available.** Some of the suggested 


TABLE 3.—Comparison of Threshold Limits with 
Figures Calculated from Equations (6) and (7) 


Toxie Concentration 
in Parts per Million 


Caleulated from 
Sug- the Equation 
gested —— 
Compound Value (6) (7) 
(a) Hydrocarbons and their 
halogen derivatives 
Benzene, chioro- ............... 75 100 100 
Benzene, 1,2-dichloro- ......... 0 18 14 
200) 110 110 
Carbon tetrachloride .......... 25 100 go 
100 950 1180 
400 1150 960 
Cyclohexane, methyl- .......... 00 950) 600 
Ethane, 1,l-dichloro- .......... 100 1400 1450 
Ethane, 1,2-dichloro- 
1,1,2,2-tetrafluoro- .... 1000 aaa 16,000 
Ethane, 1,1,1-triehloro- ........ 500 250 1070 
Ethylene, 1,2-diehloro- ........ 200 5000 1450 
Ethylene, tetrachloro- ......... 200 60 170 
Ethylene, trichloro- ........... 500 320 560 
Methane, dichlorofluoro- ...... 1000 den 7200 
Methane, trichlorofluoro- ..... 1000 a 5900 
Methylene chloride ............ 500 2900 1780 
500 380 280 
1000 4000 5400 
200 250 270 
200 110 100 
(b) Aleohols and phenols 
Butyl 100 320 
100 50 
Cyclohexanol, methyl- ........ 100 25 = 
Isoamy] alcohol 100 160 
Isopropyl aleohol ............. 400 790 
5 20 
(c) Ketones 
1000 740 1100 
250 340 710 
2-Butanone, 3-methyl- ......... 100 150 260 
100 50 40 
Cyclohexanone, methyl- ....... 100 20 ‘ 
200 150 140 
2-Pentanone, 4-methyl- ........ 100 70 80 
(d) Miscellaneous 
Acetie acid, ethyl ester........ 400 720 510 
Acetie acid, isoamyl] ester...... 200 69 83 
Acetic acid, methyl ester...... 200 1600 1200 
Acetic acid, propyl ester....... 200 330 350 
5 40 3 
Aniline, N,N-dimethyl- ........ 5 10 10 
Tee 100 160 96 
Ethanol, 2-n-butoxy- ......... 200 40 
Ethanol, 2-methoxy ........... 25 400 
Ethanol, 2-methoxy-, acetate.. % 160 
Methane, dimethoxy- ......... 1000 5000 
Propane, 1-chloro-1-nitro....... 20 14 
Propane, 1,1-dichloro-1-nitro... 10 6 
5 20 2 


. 
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limits are undoubtedly chosen because it is 
known that toxic symptoms will be pro- 
duced if the threshold limit is seriously ex- 
ceeded, and in such cases the equations 
would be expected to give reasonable agree- 
ment when the chemical is physically toxic. 
However, other suggested limits seem to be 
based on concentrations which are known to 
be safe, although higher concentrations may 
well not produce toxic symptoms; in such 
cases, the equations could not be expected 
to apply. 

In Table 3, an effort has been made 
to include as far as possible only physi- 
cally toxic compounds. Some compounds 
containing the groupings CH:=—C< and 
XCH:CH < (X=halogen) seem to be chem- 
ically toxic toward rats,"* and all compounds 
containing these groupings have been omitted 
from the Table. Ferguson and Pirie *? found 
that ammonia, carbon disulfide, aliphatic 
amines, and compounds containing the 
-CHO group were chemically toxic toward 
grain weevils, and none of these compounds 
has been included in the Table. In Section 
(a) of Table 3, hydrocarbons and _ their 
halogen derivatives are listed. The agree- 
ment between the suggested threshold limits 
and calculated figures is less satisfactory here 
than in the other sections. Benzene is not 
physically toxic, the characteristic feature 
of chronic benzene poisoning being injury 
to the bone marrow. The suggested thresh- 
old limit for benzene is, as might be ex- 
pected, much lower than the calculated fig- 
ures. In Section (>) figures are given for 
alcohols and phenols—compounds to which 
Equation (7) does not apply. The agree- 
ment between the suggested threshold limits 
and the figures calculated from Equation (6) 
is very satisfactory, except in the case of 
methanol which is known to be chemically 
toxic. Section (c) gives figures for ketones, 
and Section (d) includes aromatic amines 
and compounds containing one or more of 
the following groups—hydroxyl, ester, ether, 
and nitro. The agreement is quite good in 
both those sections, and there is a wide range 
of toxicities in Section (d). 
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The solubility theory of physical toxicity 
would lead one to expect a compound to be 
more toxic in the presence of other vapors. 
Physical toxicities should be approximately 
additive, and some results of Bateman *° 
suggest that in fact this is so. The threshold 
limit for toluene will be seen from Table 3 
to be about 250 ppm and that for n-heptane 
is about 500 ppm, so that a mixture of four 
parts of toluene and one part of heptane 
would be expected to have a threshold limit 
of about 300 ppm. 


SUMMARY AND CONCLUSIONS 


The uses of the equations previously de- 
rived for approximate calculations of the 
toxic concentrations of physically toxic com- 
pounds have been illustrated by examples 
made up of lethal doses for insects, and the 
distinctive features of physically toxic chem- 
icals have been set out. An attempt has 
been made to use two of the equations for 
the estimation of certain threshold limits for 
concentrations of vapors to which men may 
safely be exposed, and the results are quite 
encouraging. Equations (6) and (7) may 
prove of some value in the interpretation of 
toxicity data and also when the toxic limit of 
some physically toxic chemical has to be 
fixed for the first time or when the revision 
of some old limit is under consideration. 
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Toxicity of of Systox 


WILLIAM B. DEICHMANN, Ph.D., Coral Gables, Fla. 
and 
R. RAKOCZY, Dipl.Ing.Chem., Rensselaer, N. Y. 


O,O-Diethyl O-ethylmercaptoethyl thio- 
phosphate (Systox *) is a new systemic in- 
secticide which has been subjected to ex- 
tensive testing and field trials since 1950. This 
stimulated our interest in obtaining data re- 
lating to its toxicity, mechanism of action, 
and rate of elimination from green plants. At 
this writing, Systox is approved by the U. S. 
Department of Agriculture for the control of 
mites and aphids on apples, potatoes, English 
walnuts, certain nonbearing fruit crops and 
ornamentals, and cotton. The State of Cali- 
fornia has approved Systox for similar use 
on oranges and lemons. Commercial prepara- 
tions that were employed for the investiga- 
tion to be reported here were adjusted to 
contain approximately 60% of the thiono 
isomer and 40% of the thiol isomer. 


CoHs0 


— S — Colts 


Thiono Isomer (P=S Isomer) 
Calis) 
CoHs50 Ss CHo— s— 


Thiol Isomer (P=O Isomer) 


Department of Pharmacology, University of 
Miami School of Medicine. 

Mr. Rakoczy‘s present address is 
Winthrop Research Institute. 

Part of this investigation was carried out by 
the authors while at the Albany Medical College, 
Albany, N. Y. 

*Systox is a trade-mark of the Chemagro 
Corporation, 101 Park Ave., New York. 
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Recently, two significant papers appeared 
on the toxicity and pharmacodynamic action 
of Systox. Wirth,? working with highly puri- 
fied preparations of the PS and the P=O 
isomer, found the L. D.s9’s for male rats as 
follows: P=S isomer, 7.5 mg/kg.; PO 
isomer, 1.5 mg/kg. Each compound was 
given on an empty stomach as an aqueous 
emulsion, employing Emulsifier 233. The 
first signs of intoxication were noted in rats 
when the cholinesterase (ChE) activity in 
brain and skeletal muscle had dropped to 
about 50% of normal; severe signs appeared 
when ChE activity had decreased to 10 or 
20%. When compared with diethyl p-nitro- 
phenyl thionophosphate (parathion) and 
closely related compounds, Wirth found that 
the muscarinic effects are somewhat less, the 
nicotinic effects more pronounced. After a 
single toxic dose of each of the P=S and 
P=O isomers, ChE activity in serum, brain, 
and muscle recovered completely within a 
few days and in the order given. The data 
suggest that, contrary to the effects noted 
after absorption of diisopropyl fluorophos- 
phate (DFP), a partial reactivation of ChE 
activity occurs after absorption of Systox. 

Barnes and Denz* administered Systox 
(containing 48% of P =O isomer) orally 
to rats as an alcoholic solution, diluted 1 : 100 
with water just before use. Their approxi- 
mate L. D.59 for male rats was 10 mg/kg. ; 
for females it was 4 mg/kg. Feeding of Sys- 
tox with the diet demonstrated the following. 
Ingestion by female rats of feed contaminated 
to the extent of 1 ppm induced a slight re- 
duction of blood and brain ChE activity; 
3 ppm induced a 30% reduction of activity, 
while feeding of 20 ppm was followed by 85% 
inhibition of the brain ChE activity but by 
no signs of systemic intoxication. 


“The rats fed 50 p. p. m. of ‘Systox’ were very 
ill for several weeks and then began to recover. By 
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TOXICITY AND MECHANISM OF ACTION OF SYSTOX 


the end of the experiment [14 weeks] signs of 
poisoning had disappeared but their brain and blood 
cholinesterase activity was only 7 to 8% of normal.” 


Growth of the rats fed 50 ppm was mark- 
edly inhibited in spite of an abnormally large 
food intake. No microscopic pathology was 
noted in any of the tissues of animals fed up 
to and including 50 ppm. (Systox was fed 
for periods ranging from 11 to 16 weeks. ) 


METHODS 


Sprague-Dawley rats, Carworth Farms mice, 
New Zealand rabbits, guinea pigs, pigeons, and 
mongrel dogs were employed. The purified com- 
pounds were supplied through the courtesy of 
Farbenfabriken Bayer, of Germany. All materials 
were prepared as solutions in corn oil and adminis- 
tered by stomach tube or injected subcutaneously, 
intramuscularly, and intraperitoneally. Rats were 
also subjected to exposure by inhalation. 

All animals were kept supplied at all times with 
feed and water. After an animal was treated, it 
was kept under observation for 9 to 14 days. The 
details of the method employed for the determina- 
tion of the approximate lethal dose are described 
elsewhere.4 

Cholinesterase activity in red blood cells, plasma, 
and brain was determined by Michel's procedure,® 
slightly modified by Frawley of the U. S. Food 
and Drug Administration.+ Estimation of plant 
residues of Systox was ascertained by measurement 
of cholinesterase inhibition. The method used was 
Hensel’s ¢ adaptation of the procedure described by 
Giang and Hall. 


RESULTS 

A. Acute Toxicity—Of the highly puri- 
fied preparations, the thiol isomer (P = O) 
is the more toxic compound. The toxicity of 
a commercial preparation depends largely 
upon the ratio of the thiono (P = S) to the 
thiol (PQ) isomer but also upon the 
content of impurities. (Some of the com- 
mercial preparations injected into the dog 
were more toxic than the P = O isomer.) 
The acute toxicity of Systox for different 
species is given in Table 1. 

Seventeen rats were exposed dynamically 
to vapors of commercial Systox in an inhala- 


+ Frawley, J. P.: Personal communication to 
the authors. 

t Hensel, J.: Personal communication to the 
authors. 


tion chamber of 168 liter capacity. They suf- 
fered absorption by way of the respiratory 
and digestive tracts and through the skin. 
Two hours of exposure per day to a concen- 
tration of 0.003 mg. of Systox per liter of 
air resulted in no signs of illness during the 
first exposure. During the second exposure 
tremors became apparent; during the third 
period lacrimation was noted and tremors 
were severer, while during the fourth ex- 
posure 10 of the 17 rats died. In another ex- 
periment, a single exposure to a concentration 
of 0.018 mg. of Systox per liter of air was 
fatal to all (six) rats; their periods of survival 
ranged from 50 to 90 minutes. 

B. Signs of Intoxication and Pharmaco- 
dynamic Effects —Regardless of the mode of 
administration, purified and commercial prep- 
arations of the thiono and thiol isomers in- 
duced the same signs of intoxication. Like 
other organic phosphates, both compounds 
caused marked inhibition or destruction of 
cholinesterase. Two to four minutes after ad- 
ministration of a lethal dose, unsteadiness, 
lacrimation, and an increase in rate of respi- 
ration became apparent. These signs were fol- 
lowed by scattered fine and coarse tremors, 
urination, defecation, and lack of coordina- 
tion. Somewhat later most of the animals 
showed respiratory difficulties, prostration, 
and paralysis. Death came generally in coma ; 
it was only occasionally associated with 
asphyxial convulsions. Rats and mice often 
died within minutes after injection or inges- 
tion of a lethal dose ; most fatalities occurred, 
however, in from 30 minutes to 6 hours. One 
of 10 animals survived for approximately one 
week. 

Early observations with Systox and other 
organic phosphates indicated that death is 
largely due to peripheral respiratory failure.$ 
Observations made at this time strongly sug- 
gest that there are at least two other factors 
which play a role. The intravenous injection 
of 1.0 to 2.0 mg. of Systox per kilogram per 
dog (thiopental [Pentothal] sodium anes- 
thesia) was followed immediately by a drop 
of pressure equal to 30 to 50 mm. Hg and by 


§ References 7 and 8. 
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TABLE 1.—Acute Toxicity of Systox 
(Unless Indicated Otherwise, Each Group of Animals Was Composed of an Approximately 


Equal Number of Males and Females) 


Approximate Lethal Dose 


Purified Purified 
Thiono Thiol 
Mode of Solution in Animals Tsomer Isomer Commercial 
Adminis- Corn Oil, Used, (P=0O), Systox, 
Species tration % No. Mg/Kg. Mg/ Kg. Me/Kg. 
P.O 1.0 188 117 (f) 1.5 (f) 3 to 5 (f) 
5 to 6 (m) 
P.O 1.0 6 50 os ee 
8.C. 4.0 7 5 
Pigeon IM. 1.0 6 18 


a marked slowing of the pulse (Fig. 1). The 
respiratory rate increased for a brief period, 
then failed rapidly. Four of the six dogs ex- 
hibited a series of breaths which occurred one 
to three minutes after circulatory and respi- 
ratory failure. Apparently, terminal equaliza- 
tion of pressure throughout the circulation 
brought venous blood into contact with the 
chemoreceptors of the carotid (and perhaps 
aortic) bodies. The circumstances underlying 


such a sequence could have been induced by 
a rather sudden and abrupt circulatory fail- 
ure not associated with profound narcosis 
or disorganization of the higher centers 
(Schmidt ||). 


Perfusion of the isolated heart of the rabbit 
with Ringer-Locke solutions containing from 


|| Schmidt, C. F.: 
the authors. 


Personal communication to 


Fig. 1—This Figure demonstrates the marked slowing of the pulse (reduction from 138 to 
33 per minute) induced in a dog by a toxic dose of commercial Systox, and the prompt recovery 
of the pulse rate following the injection of scopolamine n-butyl bromide (buscopan).® 
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1: 15,000 to 1: 100,000 of commercial Systox 
was never followed by a tendency to aug- 
mented cardiac activity. Depending on the 
concentration of Systox in the perfusing fluid, 
there was always a gradual or marked re- 
duction in amplitude; the effect on rate was 
similar but less conspicuous. These observa- 
tions support the thesis that death in intoxi- 
cation by Systox is initiated by bronchiolar 
constriction, paralysis of respiratory muscles, 
presumably paralysis of the higher centers, 
and possibly a local cardiotoxic action of the 
compound. 

C. Effect of Systox (by Inhalation) on 
Cholinesterase Activity—Table 2 presents 
the cholinesterase activity in brain, red blood 
cells, and plasma of rats exposed to vapors 


timothy, and orchard grass) harvested and 
fed two hours after spraying; rabbits of 
Group 2 received greens cut and fed 24 
hours after spraying, while Groups 3, 4, 
5, and 6 were supplied with greens har- 
vested 10, 21, 35, and 49 days, respectively, 
after spraying. Group 7 served as con- 
trol, receiving uncontaminated pasture. In ad- 
dition, each rabbit was supplied on two days 
of a week (Sunday and Wednesday) with 
rabbit pellets. Blood for plasma cholinesterase 
activity was obtained by cardiac puncture. 
Bioassays were carried out twice a week 
(Monday and Thursday). The animals were 
alternated so that blood was drawn from a 


rabbit approximately once in 10 days. 


TABLE 2.—Cholinesterase Activity in Tissues of Rats Exposed for One Hour per Day to 


Vapors of Systox in Concentration of About 0.003 Mg/L. Air 


Cholinesterase Activity in Per Cent of Normal 


Immediately Immediately Immediately Immediately 
After 2d After 4th After 6th After 12th 
Exposure Exposure Exposure Exposure 
(2 Rats) (2 Rats) (2 Rats) (2 Rats) 
72, 70 58, 57 53, 46 53, 49 
83, 89 70, 82 66, 64 62, 52 
‘ None Mild tremors Marked trem- Seven of 19 


of commercial Systox. The data indicate that 
a significant degree of cholinesterase in- 
hibition may become apparent in the absence 
of any obvious signs of intoxication. 

D. Effect of Feeding Greens Containing 
Residues of Systox on Cholinesterase Activ- 
ity—In order to appraise the hazard that 
might be associated with the ingestion of 
green plants previously sprayed with Systox, 
the following experiment was conducted for 
a period extending in part to 106 days. Com- 
mercial Systox was sprayed in a quantity of 
6 oz. of active ingredient per acre of pasture, 
or an area of 100 sq. ft. was treated with 
0.413 ml. of Systox (1.79 ml. of a 23% prep- 
aration) diluted to 900 ml. with water. Each 
rabbit of Group 1 (six rabbits per group) 
was fed greens (alsike and wild white clover, 


ors and lacri- rats died 
mation; lof after 7 to 12 
20 rats died exposures 
during 6th 

exposure 


On each of five days of a week, a rabbit 
ingested approximately +10 gm. of contami- 
nated greens. On each of two days, when 
pellets were supplied, the intake dropped to 
about 290 gm. per 24 hours. With the as- 
sumption that the average daily intake was 
376 gm. of greens, and with reference to 
Figure 2 which gives the concentrations of 
residue of Systox in the greens, it can be 
calculated that a rabbit of Group 1 ingested 
per day about 3.8 mg. (1.5 mg/kg.) of Sys- 
tox. Ingestion of this diet induced in each of 
the six animals a prompt reduction in cholin- 
esterase activity, which leveled off after about 
12 days at approximately 55% of normal. 
Four of six rabbits of this group died in 15, 
24, 28, and 30 days, respectively. Feeding 
was discontinued at this time. Three weeks 
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Fig. 2—This Figure shows that, two hours after spraying, 1 kg. of green material contained 
an average of 10.2 mg. of Systox or Systox residues. In 24 hours the level was 15.6 mg.; in 2 
days, 11.1 mg.; in 21 days, 1 mg., and in 35 days, 0.49 mg. In 49 days the concentration was zero. 


later, cholinesterase activity was redetermined 
in the two surviving rabbits. The values were 
at this time within the normal range. 

Each animal of Group 2 ingested per day 
about 5.7 mg. (2.3 mg/kg.) of Systox or Sys- 
tox-related materials. The residue values for 
Systox in greens harvested 24 hours after 
spraying are higher than those observed at 
any other time, indicating that whatever com- 
pound is being formed in the plant from Sys- 
tox is a more potent cholinesterase inhibitor 
than Systox itself, at least in vitro, when such 
plant material is added to human plasma. (In 
progress at another institution is an investi- 
gation designed to trace the metabolites of 
Systox in the plant.) After 15 days of feed- 
ing, rabbit plasma cholinesterase activity 
leveled off at 70% of normal. Three of the 
six rabbits died after 14, 25, and 30 days, 
respectively. Feeding was discontinued after 
40 days. 

By similar computation a rabbit of Group 
3 (greens fed 10 days after spraying) in- 
gested per day 1.3 mg. (0.5 mg/kg.) of Sys- 
tox. Feeding of these contaminated greens 
resulted in a gradual lowering of plasma 
cholinesterase activity, leveling off after 30 
days at 85% of normal. One of six rabbits 
died after 64 days ; feeding was stopped after 
100 days. 
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A rabbit of Group 4 (greens fed 21 days 
after spraying) ingested roughly 0.37 mg. 
(0.15 mg/kg.) of Systox or metabolite per 
day for a total of 98 days. This induced no 
significant reduction in the activity of plasma 
cholinesterase, and there were no fatalities. 
Finally, each rabbit of Group 5 (greens fed 
35 days after spraying) may have ingested 
0.17 mg. (0.07 mg/kg.) of Systox or Systox- 
like material per day for a total of 94 days. 
Reduction of cholinesterase activity was not 
observed (Fig. 3). 

No animal showed any obvious signs of 
intoxication at a time (during the first week 
of feeding experiment) when a marked de- 
gree of reduction in plasma cholinesterase 
activity became apparent. Animals that died 
during the course of this experiment dis- 
played during the three to five days preced- 
ing death marked respiratory difficulties, ap- 
pearance of froth at nose and mouth, marked 
diarrhea, and muscular paralysis. Death oc- 
curred in coma, occasionally with mild as- 
phyxial convulsions. It is of interest to note 
that plasma cholinesterase activity remained 
at a certain level (related to the degree of 
contamination of the greens fed) and that it 
did not drop significantly in an animal that 
died. Rabbits generally did not ingest feed 
or water during the last days of life. 
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Fig. 3—This Figure presents mean values for plasma cholinesterase activity. Depression is 
presented in per cent of normal. Individual values were compared with the average cholinesterase 


activity of a group of unexposed control rabbits. 


E. Effect of Feeding Hay Containing Resi- 
dues of Systox on Cholinesterase Activity.— 
It was considered that individual animals will 
ingest certain plant material after it has been 
left in the field for drying or curing. The pos- 
sibility was also considered that animals may 
be fed hay which, as grass or clover, was 
treated with Systox. 

As in the previous experiment, an area of 
pasture was sprayed with 6 oz. of Systox per 
acre. The sections were mowed 24 hours, 10 
days, and 21 days, respectively, after spray- 
ing. Each lot was left for three days in the 
field to cure. It was then stored in a barn and 
fed to rabbits for a period of 43 days. Bio- 
assays were again carried out twice a week. 

Feeding of hay, which as green material 
was mowed 24 hours after spraying, induced 
a reduction in cholinesterase activity, leveling 
off after two weeks at approximately 85% of 
normal. Feeding of the lots mowed 10 to 21 
days after spraying did not result in a sig- 
nificant depression of plasma cholinesterase 
activity. These values, when compared with 
the data presented in Figure 3, make it obvi- 
ous that the degree of toxicity of the con- 
taminated hay was extremely low, suggesting 
that the bulk of Systox or Systox-like ma- 
terials which was present in green roughage 
became lost during the process of drying or 
during the time of storage. 


F. Subacute Toxicity of Systox as De- 
termined by a 90-Day Feeding Test—The 
subacute toxicity of commercial Systox was 
investigated, employing five groups of rats, 
with five animals per group. Each rat was 
given by stomach tube once a day for 65 days 
over a period of 90 days a dose equal to 0.4, 
0.66, 0.9, or 1.89 mg. of Systox per kilogram, 
respectively. These quantities represented 4, 
7,10, and 20% of the oral L. D.59. One group 
served as control, receiving only corn oil. 
Signs of intoxication were observed only in 
the rats fed the two higher doses. After 21 
days these animals displayed hyperexcitabil- 
ity and tremors. There was one death in the 
group fed 1.89 mg/kg. The animal died after 
17 doses, after ingestion of 32 mg. of Systox 
per kilogram, a dose equal to three L. D.59’s. 

All surviving rats were autopsied, and the 
organs (heart, liver, lungs, spleen, and one 
kidney) of two animals of each group were 
examined histologically. Dr. John Clemmer 
reported as follows: Gross and microscopic 
anatomical study of this group of rats dis- 
closed no significant pathology in the animals 
which received corn oil orally and corn oil 
containing Systox orally. Thus, there was no 
demonstrable anatomic ill effect from Systox 
when given in this manner. 
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COMMENT 

Comparison of the data of Wirth and of 
Barnes and Denz with those presented here 
permit certain generalizations : 

(a) Systox is a systemic insecticide. It is 
readily absorbed by a growing plant through 
leaves and through roots and thereby renders 
the whole plant “insecticidal.” Since some 
fraction of this compound or its products 
of metabolism may remain in a plant for 
weeks, the question of residue poses an im- 
portant problem. 

(b) contains two 
isomers. The P = O isomer is considerably 
more toxic than the P = S isomer. 


Commercial Systox 


(c) In reporting and in referring to acute 
toxicity data, it is important to state the 
solvents or vehicles used. For instance, Wirth 
found L. D.59 values for the rat of 7.5 mg/kg. 
for the P = S and 1.5 mg/kg. for the P =O 
isomer. He used essentially an aqueous solu- 
tion. We used a solution in corn oil and found 
values of 117 mg/kg. for the P = S and 1.5 
mg/kg. for the P = O compound. No doubt, 
the corn oil delayed absorption. This sug- 
gests the possible use of a vegetable oil for 
gastric lavage in a case of oral intoxication. 


(d) When compared with the signs noted 
after absorption of related organic phos- 
phates, Wirth found that after absorption of 
Systox the muscarinic type of effects are 
somewhat less, the nicotinic effects more 
pronounced. Our observations are in agree- 
ment. They emphasize therefore that 
atropine cannot possibly be considered a de- 
pendable life-saving antidote in a severe case 
of Systox intoxication. Future studies may 
therefore well be directed toward finding 
drugs or measures which will (a) antagonize 
nicotinic effects (stimulation and later paral- 
ysis of respiratory and other muscles, etc.), 
(b) increase the rate of elimination of ab- 
sorbed Systox from the body, and (c) sup- 
port the function of damaged organs, such as 
the lungs, heart, etc. 

(e) From the standpoint of community 
health, ingestion of greens or dried vegetables 
containing residues of Systox is most impor- 
tant. It is difficult to establish a reasonable 
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tolerance level, since we have not yet estab- 
lished what toxicity should refer to. If we 
accept as a sign of systemic intoxication any 
degree of depression of cholinesterase activity 
in blood, brain, or muscle, then we have one 
standard. If we require production of any 
obvious signs of intoxication, then we will 
have another yardstick. Studies presented 
indicate that in rats cholinesterase depression 
may be expected after two hours of inhala- 
tion exposure to a concentration of 0.003 mg. 
of Systox/L. air or after feeding for 11 weeks 
a diet containing 1 ppm of Systox (Barnes 
and Denz). None of these animals, or 
others that were fed much higher doses, 
showed any obvious signs of intoxication. 

Comparison of these data with others 
which showed that signs of intoxication did 
not become apparent until cholinesterase 
activity of brain and muscle had dropped to 
approximately 50% of normal (Wirth), or 
with Barnes and Denz’s observation that rats 
behaved normally even though their brain 
cholinesterase activity had dropped to 15% 
of normal, forces us to realize that a rat has a 
considerable power of adjustment and that 
it can maintain a perhaps normal function at 
its myoneural junctions with possibly less 
than 20% of its normal cholinesterase activ- 
ity. Since similar data for man are lacking, 
and since the significance of plasma cholin- 
esterase is not known, it is impossible to 
evaluate tissue cholinesterase data intelli- 
gently. At this time it is arbitrarily suggested 
to avoid for human consumption green vege- 
tables sprayed with Systox until an interval 
has passed of at least 21 days between spray- 
ing and harvesting of the vegetable. 


CONCLUSIONS 


A concentrated commercial preparation of 
Systox contains two active isomers. The 
preparations employed in this investigation 
contained 60% of the P=S and 40% of 
the PO isomer. The P =O isomer is 
considerably more toxic than the P=S 
isomer. 

When absorbed in sufficient quantity into 
the tissues of animals, both the isomers induce 
signs closely resembling those induced by 
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marked stimulation of the parasympathetic 
nervous system. Death in acute poisoning 
is initiated by bronchiolar constriction, 
paralysis of respiratory muscles, presumably 
paralysis of the higher centers, and possibly 
a local cardiotoxic action of the compound. 

No significant inhibition of plasma cholin- 
esterase activity and no signs of intoxication 
were observed in rabbits fed (98 days) 
greens containing approximately 1 mg/kg. 
of Systox residue. The pasture was sprayed 
with 6 oz. of Systox per acre, and the greens 
were harvested and fed 21 days after spray- 
ing. 

Ingestion of greens (2 to 106 days) con- 
taining a higher concentration of Systox was 
followed, depending on concentration and 
period of feeding, by immediate or delayed 
signs of intoxication, by plasma cholinesterase 
depression, and by fatalities. 

No signs of intoxication were observed in 
rats given 65 oral doses of commercial Systox 
over a period of 90 days. Doses were equal to 
4 and 7%, respectively, of an L. D.59. In- 
gestion of a similar number of doses, each 
equal to 10 and 20%, respectively, of an 
L.. D.59, induced signs of intoxication but no 
microscopic pathology of the major organs. 

Formulations containing Systox, whether 
concentrated or dilute, must be handled with 
extreme caution to avoid inhalation, skin con- 
tact, or ingestion. The determination of red 
blood cell or plasma cholinesterase activity 
can be expected to be of value in detecting 
early exposure. However, after repeated ex- 


posure, the degree of inhibition may not nec- 
essarily be an index of the state of health of 
a person, 


Dr. John C. Clemmer, Director of the Bender 
Laboratory, Albany, N. Y., carried out the micro- 
pathological studies. Miss P. Brown and Messrs. 
L. Coletti, J. Kontoleon, and C. Downing assisted 
with certain phases of the acute toxicity studies. 
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An Application of the Colorimetric Method to the Blood of the Rabbit, Rat, Pig, Dog, Goat, and Monkey 


JOSEPH H. FLEISHER, M.S.P.H. 
ELEANOR J. POPE, A.B. 
and 


SUSAN F. SPEAR, B.S., Army Chemical Center, Md. 


A report on a colorimetric method of 
determining red blood cell (RBC) cholin- 
esterase (ChE) activity in samples of human 
whole blood has been published ? ; a historical 
review of other methods is included in this 
report which concluded that the proposed 
colorimetric method has the advantages of 
being technically simpler and more rapid 
than other procedures which have been 
used heretofore for determining blood ChE 
activity. 

Since much of the research on insecticides 
which are anticholinesterases (antiChE’s) 
involves study of their effects on different 
animals, it was felt important to investigate 
whether the principle of using whole blood 
as the source of RBC ChE, with its inherent 
convenience, could be applied to other species 
as well. The species studied were the rat, 
pig, rabbit, monkey, dog, and goat. 

It will be recalled that low concentrations 
of acetylcholine (AcCh) favor the activity 
of the red cell esterase over that of the plasma 
enzyme. Advantage has been taken of this 
fact to set up the conditions under which the 
ChE activity of samples of whole blood re- 
flects preferentially the activity of the RBC 
ChE in these species. Evaluation of the 
method by means of inhibition studies with 
diisopropylphosphorofluoridate (DFP) will 
also be presented. 


From the Enzyme Chemistry Branch, Chemical 
Corps Medical Laboratories. 
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EXPERIMENTAL METHOD 
A. MATERIALS AND EQUIPMENT 

1. Phosphate buffer, 0.134 M, pH 7.2: Prepared 
by mixing 7 parts by volume of a solution of 23.752 
gm. of NasHPO,.2 H:O per liter and 3 parts of a 
solution of 18.156 gm. of KH2PO, per liter; pH 
adjusted to 7.2 if necessary. 

2. Acetylcholine, 0.04 M: 0.7266 gm. of acetyl- 
choline chloride (Merck) in 100 ml. of 0.001 M. 
acetate buffer, pH 4.5; stable indefinitely in the cold. 

3. Acetylcholine, 0.004 M: Dilute Solution 2 with 
9 vol. of phosphate buffer (Solution 1), made daily 
in the quantity required for the analyses. 

4. Hydroxylamine hydrochloride, 2 M: 27.8 gm. 
dissolved in distilled water to 200 ml.; discard 
after two weeks. 

Solutions 1 to 4, inclusive, are kept refrigerated 
when not in use. 

5. Sodium hydroxide, 3.5 M.: 28 gm. dissolved 
in distilled water to 200 ml. 

6. Alkaline hydroxylamine: Equal volumes of 
Solutions 4 and 5 mixed shortly before use in a 
quantity required for the samples being analyzed. 
Make up freshly for each set of samples run. 

7. 0.01% saponin. 

8. Hydrochloric acid: Concentrated acid (sp. gr., 
1.18) diluted with 2 vol. of water. 

9. Ferric chloride, 0.37 M: 10 gm. of FeCls6 H2O 
to 100 ml. in 0.1 N HCI. 
10. Klett-Summerson 
with green filter No. 54. 


photoelectric colorimeter 


11. General laboratory equipment as indicated. 


B. PROCEDURE 


Determination of ChE Activity—Blood samples 
for ChE activity determinations are obtained by 
venipuncture or heart puncture with a heparinized 
syringe and are analyzed within 24 hours of sam- 
pling. The volume of blood noted in Table 1 is rinsed 
into a volume of the 0.01% saponin solution 
sufficient to make a total volume of 1.0 ml. A 
second identical sample of blood in saponin solution 
is then prepared and set aside for the control 
determination. 
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To the first sample, 1 ml. of 0.004 M AcCh- 
phosphate buffer solution is added at zero time. 
The contents of the tube are mixed and incubated 
at 25 C. For a control, 1 ml. of 0.004 M AcCh- 
phosphate buffer solution alone is incubated in a 
separate tube. At the end of the incubation time 
noted in Table 1, 4 ml. of alkaline hydroxylamine 
reagent is added, with vigorous shaking, to both 
experimental and control samples. After one minute, 
the blood sample in the saponin solution which had 
been set aside is poured into the control solution 
of AcCh. Then 2 ml. of HCl reagent is added to 
each sample, followed by the addition of 2 ml. of 
ferric chloride reagent,* with mixing after each 
addition. The solutions are filtered through What- 
man No. 40 filter paper, and the color is read in 
the colorimeter 10 minutes after the addition of 
the ferric chloride, the colorimeter having been 
previously set to zero with water. 


It has been determined that under the con- 
ditions of the analysis no measurable non- 
enzymatic hydrolysis of AcCh takes place. 
Consequently, the colorimetric reading of the 
control sample has been taken as that given 
by the 4.0 micromoles of AcCh added ini- 
tially.+ As was shown in the previous report,’ 
the micromoles of AcCh remaining in the 
experimental sample can be calculated by the 


<4.0 where and are the 


colorimeter readings of the experimental and 


formula 


control samples, respectively. Furthermore, 


the value of 4i—> ) represents the number 

* Addition of HCl may be carried out at any 
time between one and three minutes after the 
addition of alkaline hydroxylamine reagent, pro- 
vided that this time interval is kept constant for 
all samples. The addition of ferric chloride reagent 
may be delayed for 30 minutes, but the reagent 
should also be added to all samples at an approxi- 
mately equal time interval following the previous 
acidification with HCl. 

+ There is a small increment to the colorimetric 
reading from the volume of blood used equivalent 
to 2%-3% of the total Klett units read. This has 
been determined to be due to a reaction of unknown 
nature between the blood and the alkaline hydroxyl- 
amine. When both experimental and control samples 
are treated identically with regard to time of 
standing with alkaline hydroxylamine, then the 
effect is approximately the same for both and 
cancels out. The negligible error produced by pour- 
ing the control blood sample into the alkaline 
hydroxylamine is well within the average experi- 
mental variation in the method. 


TABLE 1.—Conditions Used for Measurement of 
Blood ChE Activity in Animals by the 
Colorimetric Method 


Ineuba- 
Volume of tion 

Blood, Time, 

Species Sampling Method Ml. Min. 
Sree Heart puncture 0.05 40 
Heart puncture 0.10 15 
Heart puncture 0.05 40 
Monkey.......... Venipunceture 0.05 10 
ee Venipuncture 0.10 20 


of micromoles of AcCh which disappeared 
during the incubation in the presence of the 
volume of blood taken and has been used to 
express the activity of a given blood sample. 


C. RESULTS 

1. Reproducibility of the Colorimetric 
Method for Determining the ChE Activity 
of Whole Blood in the Animal Species 
Studied.—Five or more samples of whole 
blood from one animal from each species 
were incubated with AcCh under the condi- 
tions listed in Table 1, followed by an analy- 
sis of the residual AcCh as outlined pre- 
viously. Results are given in Table 2. It 
may be noted that the method permits the 
ChE activity to be determined with an ex- 
perimental variation of 2.2% or less. 

2. Effect of Quantity of Whole Blood 
Taken on AcCh Hydrolysis —The effect of 
the quantity of whole blood used on the 
extent of AcCh hydrolysis during the incu- 
bation period given for each species in Table 
1 was studied with amounts of blood ranging 
from 0.01 ml. to 0.06 ml. in the rabbit, rat, 
and monkey and from 0.02 ml. to 0.12 ml. 


2.—Reproducibility of the Colorimetric 
Method for Determining the ChE Activity 
of Whole Blood m Animals 


AcCh 
Hydrolyzed, 
Samples, Mean+S.D., Precision, 
Species No. Micromoles % 
5 1.52 + 0.018 1.2 
iWxcsannccnnciase 6 1.62 + 0.014 0.9 
6 1.80 + 0.029 1.6 
6 1.66 + 0.036 2.2 
6 1.95 0.025 13 
6 1.85 + 0.035 19 
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in the goat, dog, and pig. A linear relation- was found that the plot for each species 
ship was found in every instance over the remained linear beyond the incubation time 
entire range of blood concentrations studied. indicated in Table 1. 

3. Effect of Length of Incubation on 
AcCh I[1ydrolysis—The amount of AcCh 
hydrolyzed by the quantity of blood listed 
for each species in Table 1 was studied for 
the time intervals listed below: 


It may be anticipated that an occasional 
animal of each of the species studied may be 


found to possess a ChE activity greater than 
the ones obtained in these particular animals. 
However, the periods of incubation listed in 


Rat, rabbit: 0-60 minutes at 10-minute intervals. lable 1 are sufficiently below those at which 
Dog, goat, pig: 0-30 minutes at 5-minute intervals. departure trom linearity occurs so as to 
Monkey: 0-12 minutes at 2-minute intervals. 


insure that the ChE activity of almost all 
When the quantity of AcCh hydrolyzed the animals so studied will fall within the 
was plotted against time of incubation, it range of constant rate of AcCh hydrolysis. 
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Per cent inactivation of whole blood ChE as measured by the colorimetric method following 
incubation with DFP. Ordinates: Per cent inactivation. Abscissas: Micromoles of DF P/milli- 
liter of blood. 
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+. Residual ChE Activity of Whole Blood 
Following Partial Inactivation with DFP.— 
Varying quantities of DFP contained in 0.1 
ml. of 0.01% saponin solution were added 
to a mixture of 0.05 ml. of whole blood in 
0.4 ml. of saponin solution in the rabbit, rat, 
and monkey and to 0.1 ml. of whole blood 
in 0.4 ml. of saponin solution in the goat, pig, 
and dog. The mixture was allowed to incu- 
bate overnight at 25 C. The volume was 
then brought to 1.0 ml. with additional sapo- 
nin solution, and the ChE activity of the 
experimental samples and of controls incu- 
bated with saponin solution alone was deter- 
mined as previously described. 

The per cent inactivation corresponding to 
a given quantity of DFP was plotted for each 


TasLe 3.—Quantity of DFP Required for 50% 
Inactivation of Whole Blood ChE Activity 


Micromoles of 
DFP ML. of 
Whole Blood 
10-2 
10-4 
10-4 
10-3 
10-3 


1-3 * 
Fleisher, J. H.: Unpublished data. 


animal species in the Figure. Table 3 pre- 
sents an estimate, interpolated from these 
curves, of the quantity of antiChk required 
for 50% inactivation of the measured ChE 
activity in the blood of a given species. ‘The 
corresponding figures for human blood are 
included in this Table for purposes of com- 
parison. 

These curves are empirical in nature, since 
they represent the effect of the agent upon an 
enzyme complex rather than upon a single 
enzyme. They are presented here to show 
the behavior of the ChE complex in the 
whole blood of the six species studied after 
varying degrees of inactivation by the anti- 
Chie substance used. 

Inspection of the Figure shows pig and 
dog blood ChE’s to possess an inordinately 
high sensitivity to low dosages of DFP, 
which is followed by a slighter response at 


higher levels. This probably reflects the more 
rapid inactivation of the plasma, nonspecific 
ChE in whole blood at the lower dosage 
range of DFP. In the curve for the pig, 
this effect is not observed at levels of inactiva- 
tion above 20%. In the case of the dog, the 
curve reflects the rather high contribution 
of plasma enzymes to the total activity meas- 
ured in whole blood, which will be discussed 
in greater detail below. 

5. Residual ChE Activity of Whole Blood, 
RBC, and Plasma After Partial Inactivation 
with DF P.—Appropriate quantities of DFP, 
contained in 0.04 ml. of 0.9% NaCl, were 
added to 2 ml. of freshly drawn heparinized 
blood. A control containing 2 ml. of blood 
and 0.04 ml. of 0.9% NaCi was run simul- 
taneously. Both samples were incubated for 
four hours or longer at 25 C to assure com- 
pleteness of reaction. Aliquots, as listed for 
each species in Table 1, were then removed 
from experimental and control samples to 
test the residual ChE activity of whole blood 
in the manner described. 

The remainder of each blood sample was 
centrifuged at 2000 rpm for 20 minutes, and 
the plasma was separated. The RBC were 
washed twice with two volumes of 0.9% 
NaCl, with centrifugation (2000 rpm for 20 
minutes ) and complete removal of the super- 
natant. Red blood cells, 0.2 mi., of both the 
control and the partially inactivated speci- 
men, were diluted with 0.3 ml. of 0.9% NaCl 
in the case of all the animal species except 
the pig, where 0.2 ml. of cells was diluted 
with 0.6 ml. of 0.9% NaCl. Aliquots of 
undiluted plasma and diluted RBC were 
analyzed for ChE activity, along with the 
previously removed whole blood samples. 
Results for each animal species with DFP 
are presented in Table 4. 

It may be seen that the residual ChE 
activity found for the whole blood, following 
$ The differences which may be noted between 
the per cent inactivation produced by the quantities 
of DFP used in Table 4 and the per cent inacti- 
vation which may be interpolated from this quantity 
of agent from the Figure may be attributed to the 
fact that blood samples for the inactivation curves 
and for the data in Table 4 were taken from 
different animals in each of the species studied. 
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partial inactivation with DFP, agrees within 
10 percentage points or less with the residual 
ChE activity found for the RBC for all the 
animal species except in the case of dog blood. 
It is of interest to note from the data of Table 
4 that the affinity of DFP for plasma and 
RBC esterases of the goat and rabbit is about 
equally strong. It may be inferred from the 
residual activities of the plasma and RBC 
ChE of the pig, rat, and monkey in Table 4 
that the affinity of DFP for plasma ChE in 
these species is much greater than that for 
RBC ChE, 

6. Relative Contribution of RBC and 
Plasma ChE Activity to the Whole Blood 
ChE Activity Found by the Colorimetric 
Method.—The relative contribution of the 
RBC ChE and the plasma ChE to the total 
enzyme activity measured in the whole blood 
For 
this, whole blood samples were centrifuged 
at 2000 rpm for 30 minutes. The hematocrit 
was found to average approximately 50% for 


was studied for each animal species. 


all species except the pig, where the average 
was approximately 38% (RBC activity ratios 
in the pig are adjusted for this value). The 
plasma was separated, and the cells were 
washed and diluted as previously described 
in Section 5. The ChE activities were deter- 
mined on diluted RBC and plasma samples. 
Results are given in Table 5. 

It may be noted that for the five dogs 
studied the average contribution of plasma 
to whole blood ChE activity approximates 
40%. 
ments for this species are significantly in- 
fluenced by the activity of the plasma ChE 
and do not preferentially reflect RBC ChE 


Consequently, whole blood measure- 


Tas_e 4.—Residual ChE 
RBC, and Plasma 


Inactivation 


Following Partial 


with DFP 


Residual Activity 


DFP Added Whole 

Ml. of Blood, Blood, RBC, Plasma, 
Species Micromoles % % % 
2.3 10-3 59 59 5d 
1.0 K 10-2 77 75 36 
6.0 10-% 34 42 24 
5.0 10-4 20 30 0 
2.0 10-2 59 &2 46 
6.0 10-8 73 71 75 


Activity of Whole Blood, 
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Tape 5.—Relative Contribution of RBC and 
Plasma ChE to Whole Blood ChE Activity 


Contribu- 


Ratio of RBC ChE tion of 
Animals to Plasma ChE RBC ChE 
Studied, — ~ —~ to Total 
Species No. Mean Extremes Activity, % 
7 4.3 3.1— 6.1 81 
3 7.2 6.5 8.0 as 
6 2.5 2.0 2.9 71 
2 3.9 3.7 & 4.0 80 
5 1.6 1.1 2.0 61 
6 78 6.1 9.8 89 


activity. This is consistent with the data in 
Table 4 in the inactivation of the 
plasma ChE by DFP significantly depressed 
the residual activity of whole blood ChE 
below that of the RBC ChE. 


In the pig, Table 5 


which 


shows &8% of the 
activity measured in whole blood originated 
with the RBC under the conditions of the 
test. This is again consistent with the data 
in Table 4, where the residual activity in the 
whole blood closely reflects the state of the 
RBC ChE activity. 


COMMENT 


Addition of increasing amounts of DFP 
to whole blood samples of the rat, goat, 
monkey, and rabbit results in a proportional 
decrease in residual ChE activity, as meas- 
ured under the conditions herein described 
(Fig.). In the monkey and the goat, the 
curve reflects very largely the response of 
the RBC ChE to the inhibitor (Table 5), 
while in the case of the rat and rabbit, the 
presence of the true, or acetyl, cholinesterase 
in the plasma,’ along with the preponderance 
of the RBC ChE activity in the whole blood 
measurements, also serves to produce an 
inactivation curve simulating the response 
given by but one enzyme. 

The use of whole blood in place of RBC 
to indicate the approximate levels of RBC 
ChE activity would appear reasonably justi- 
fied in all the species studied except the dog. 
Even in the latter animal, if the inhibitor 
used is one which would affect both the 
plasma and the red cells to approximately the 
same degree, whole blood measurements 
made under the conditions described for the 
colorimetric procedure would reflect the 
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degree of inactivation of the RBC with 
reasonable accuracy. 

However, it should be emphasized that 
the techniques presented here apply only to 
in vitro studies or to in vivo studies in which 
the whole blood response of the animal is 
noted within 24 hours after the administra- 
tion of the antiChE drug. It may be deduced 
from the more rapid rate of recovery of 
plasma than of RBC ChE demonstrated in 
rabbits by Mazur and Bodansky * and in rats, 
dogs, and monkeys by Koelle and Gilman * 
that measurements on whole blood after 24 
hours would show a higher contribution to 
the total enzymatic activity by plasma ChE 
than those made prior to that time. In other 
words, the ratios favoring red cell ChE indi- 
cated in Table 5 would no longer be ap- 
plicable. 

In experiments involving chronic dosages 
of ChE inhibitor or in which the regenera- 
tion of RBC ChE following inactivation by 
an antiChE is to be studied, the colorimetric 
technique may be applied to the separated 
RBC of animals studied under the conditions 
previously outlined. In the dog, the RBC 
ChE activity may be determined on 40 micro- 
liters of cells in an incubation period of 20 
minutes compared with an incubation period 
of two hours by the Michel procedure.’ A 
proportionate economy of time appears prob- 
able if the colorimetric technique is applied 
to the separated RBC of the other species 
studied. 


SUMMARY 


A colorimetric method for the determina- 
tion of ChE activity in the blood of the rabbit, 
pig, rat, monkey, dog, and goat is presented. 
This method is based upon measurement of 
acetylcholine remaining after controlled in- 
cubation with whole blood. 

Under the conditions employed, the RBC 
ChE was found to contribute approximately 
80% of the measured activity of the whole 
blood in the rabbit, pig, monkey, and goat ; 
70% in the rat, and 60% in the dog. 

Curves relating inactivation of the ChI:’s 
present in the whole blood of the animal 
species studied by varying doses of DFP are 
presented. 


For studies of chronic effects of antiChE’s 
or where blood samples are required sub- 
sequent to 24 hours, the colorimetric method 
may be used with the red cells from the 
experimental animal. Whole blood measure- 
ments are not desirable for these latter 
studies. 

For in vitro studies or in vivo experiments 
where blood samples are taken within 24 
hours after administration of inhibitor, whole 
blood measurements by the colorimetric 
method will indicate closely the state of 
activity of the RBC ChE of all six species 
studied, with the exception of dogs exposed 
to DFP. In this particular case, the high 
contribution of plasma to whole-blood ChE 
activity coupled with the preferential in- 
activation of plasma activity by DIFP pro- 
duces a greater deviation of the residual 
activity of whole blood from that of RBC, 
and the use of whole blood in these circum- 
stances is not recommended. 

Provided that the limitations described 
above are taken into account, the colori- 
metric method offers a saving in time and 
technical simplicity, whether used with whole 
blood, plasma, or RBC. 

Capt. Joseph H. Gainer and Capt. Robert F. 
Borgman rendered assistance in obtaining blood 


samples, and Dr. Bernard J. Jandorf offered helpful 
criticism of the manuscript. 


REFERENCES 

1. Fleisher, J. H., and Pope, E. J.: Colorimetric 
Method for Determination of Red Blood Cell 
Cholinesterase Activity in Whole Blood, A. M. A. 
Arch. Indust. Hyg. 9:323-334, 1954. 

2. Hawkins, R. D., and Mendel, B.: Selective 
Inhibition of Pseudocholinesterase by Diisopropyl 
Fluorophosphonate, Brit. J. Pharmacol. 2:173-180, 
1947. 

3. Mazur, A., and Bodansky, O.: Mechanism of 
In Vitro and In Vivo Inhibition of Cholinesterase 
Activity by Diisopropyl Fluorophosphate, J. Biol. 
Chem. 163:261-276, 19406. 

4. Koelle, G. B., and Gilman, A.: Relationship 
3etween Cholinesterase Inhibition and the Phar- 
macological Action of Diisopropyl Fluorophosphate 
(DFP), J. Pharmacol. & Exper. Therap. 87:421- 
434, 1946. 

5. Michel, H. O.: Electrometric Method for the 
Determination of Red Blood Cell and Plasma 
Cholinesterase Activity, J. Lab. & Clin. Med. 34: 
1564-1568, 1949. 


337 


; 
. 
> 
be 


GEORGE G. MANOV, Ph.D., Washington, D. C. 


Radioisotopes are perhaps among the 
strongest contenders for the title of “the 


eighth wonder of the world” because of their 
proved ability to perform certain tasks more 
-asily, more cheaply, and faster and to fur- 
nish information that sometimes can be ob- 
tained in no other way. This paper presents 
some of the industrial applications of these 
radioisotopes and a discussion of the indus- 
trial-health aspects surrounding their use. 
This month marks the end of the eighth full 
year of the AEC Isotopes Distribution Pro- 
gram. More than 47,000 shipments of radio- 
isotopes have been made to almost 3200 
institutions in the United States, 

which 1200 different industrial 
panies. How are these isotopes used, who 


among 
are com- 


uses them, and what for? 


INDUSTRIAL APPLICATIONS OF RADIOISOTOPES 

I. Sealed Sources—-(a) Radiographic In- 
spection: Knowledge is assumed of the use 
of x-rays for ascertaining the location of 
fractures and of foreign objects within a 
body. The same principle is applied to the 
radiographic and 
welds. In place of the x-ray machine, how- 
ever, 


inspection of castings 


one uses a radioisotope, generally a 
sealed source of Co® or Ir!®*; the material 
to be inspected is placed between the source 
of radiation and an x-ray film. When the 
film is developed, defects in the castings are 
immediately apparent. Some 350 companies 
are using this method of inspection. 

By welding a known thickness of metal to 
the outside of a pipe (for example) which is 

Staff Industrial Development, 
U. S. Atomic Energy Commission. Condensation of 
a paper 


Specialist for 
delivered before the Seventh Industrial 
Health Conference in Houston, Texas, Sept. 23, 
1954. 
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being tested and comparing the relative 
blackening of the test thickness and of the 
pipe, one can determine the sum of the thick- 
nesses of the two walls with an accuracy of 
about 1%. Of particular importance is that 
the method in this form can be used to check 
for thin or worn spots in piping. This tech- 
nique was developed by the Industrial Radi- 
ography Laboratories, of Beaumont, Texas. 

Measurements of the wall thickness can be 
made under service conditions. For example, 
when the thickness of the metal in a heat 
exchanger tube in a petroleum refinery is 
such that the tube should be replaced, this 
can be done by means of a shutdown at one’s 
own time and choosing, rather than in the 
situation prevailing under a fire caused by 
failure of the tube. This type of preventive 
maintenance probably will become widely 
used in the United States. 

Radiographic inspection has been applied 
to checking the welds in the atomic sub- 
marine Nautilus. One of the performance 
specifications for this welding job was that 
no joint in the piping could leak more than 
the equivalent of one drop in 500 years. To 
those who are accustomed to seeing con- 
ventional steam lines hissing into the atmos- 
phere, this requirement sounds almost fan- 
tastic. 

The boiler code of the American Society 
of Mechanical the 
value of careful radiographic inspection. If 


Engineers recognizes 
inspection is performed on a 100% basis, the 
ASME boiler code permits one to use 12% 
thinner steel for the same boiler pressure. 
This means that the customer saves 12% in 
the total amount of steel needed for the boiler 
and from 25% to 40% of the cost of welding, 
depending upon the thickness of the plate 
involved. He not only gets a cheaper product, 
but he also gets a better one. 

On a 50 ft. diameter Horton sphere, the 
cost of radiographic inspection may approxi- 


hip 
Cis 
: 
= 


RADIOISOTOPES IN INDUSTRY 


mate $3000; the saving on the amount of 
steel is about $9000, which yields a net sav- 
ing of about $6000 for every sphere that has 
been radiographed. One can see why a num- 
ber of companies are adopting this inspection 
method. 

The Argonne National Laboratory of the 
AEC has investigated a radioisotope called 
Tm? and has constructed a low-energy 
radiographic unit similar in penetrating 
power to a 100,000 volt x-ray machine but 
only + in. in diameter, 5 in. long, and weigh- 
ing about 20 Ib. The unit, complete in itself, 
will prove a boon for diagnostic purposes, 
especially to the smaller industrial medical 
office. It will also be extremely useful for 
making x-rays of thin metallic castings. The 
portability and the cost, estimated to be about 
one-quarter that of a conventional 100,000 
volt x-ray unit, are its main features. 

(b) Process Control: Radioisotopes have 
been used in many process-control instru- 
ments to do a_ specific job more easily, 
rapidly, and cheaply than could be done by 
conventional methods. One such device, a 
carbon-hydrogen analyzer, uses a_ sealed 
source of Sr* to measure the hydrogen 
content of an oil by absorption of the beta 
radiation. This instrument is capable of ana- 
lyzing to + 0.02% hydrogen in five minutes. 
By contrast, a conventional combustion 
analysis as carried out in a chemical labora- 
tory takes approximately two hours, and 
duplicate determinations generally must be 
run to be assured of that percentage accu- 
racy. This instrument has found application 
in the petroleum industry, where it can be 
used to monitor the composition of the frac- 
tions coming from a distillation or a solvent- 
refining column. It can also be used in the 
synthetic rubber industry as well. 

Applications of the radioisotope thickness 
gauge to measure and to control the thickness 
of various kinds of materials, such as plas- 
tics, rubber, sheet metal, paper, leather, tex- 
tiles, ete., continue to expand. These devices 
use sealed sources of radioisotopes, generally 
Sr’, TP, or The popularity of this 
tvpe of gauge rests upon the fact that it 


permits a continuous, noncontacting meas- 
urement of the thickness, and approximately 
350 companies are using from 1 to 10 gauges 
each. 

One company engaged in the manufacture 
of abrasive paper found that a battery of five 
radioisotope thickness gauges enabled them 
to make savings of about $100,000 per vear 
on a capital investment for instrumentation 
of $40,000. The quality of their product was 
vastly improved, and the number of rejects 
was lowered dramatically. 

It is quite likely that applications of this 
type will continue to grow, and, indeed, one 
spokesman has estimated that the market for 
such thickness gauges is only about 5% 
saturated. 

From the industrial health point of view, 
it is of interest to know where such devices 
are located in order that appropriate safety 
inspection can be made. This point will be 
discussed later. 

IT. Field) Application.—In all the fore- 
going applications of radioisotopes, the radio- 
active material itself was used in the form of 
a sealed source. Let us examine now some 
of the applications of radioisotopes in which 
the materials are not used as sealed sources 
and in which, therefore, the materials may 
potentially find their way into products that 
are offered for sale to the general public. 
These are called “field applications.” 

(a) Pipeline Transportation: Oil com- 
panies have been faced with the problem of 
having to ship over long distances several 
kinds of petroleum products over a single 
pipeline. It is important to know, when one 
oil (A) is preceding another (B) in the same 
pipeline, at what moment the operator at the 
terminal should divert the flow of oil from 
Tank A to Tank B to prevent undue cross 
contamination. Heretofore, the method used 
has been the periodic analysis of grab- 
samples. 

The radioisotope technique enables this 
separation to be performed in a much more 
positive manner, and in so doing considerable 
cost savings accrue. \ small quantity of 
radioactive Sb'** is injected into the bound- 
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ary between the two kinds of oil; the oper- 
ator at the terminal station waits until the 
arrival of the boundary is signaled by means 
of the clicking of a Geiger counter strapped 
to the oil pipeline ; when he hears this click- 
ing, he simply turns off one valve and opens 
another, but up until that time he has had 
nothing to do. This technique is said to save 
approximately $500,000 per year throughout 
the country. 

The quantity of Sb'** used is such that 
special precautions need be taken only at the 
station where the injection is made, and here 
the isotope is handled by long tongs behind 
lead shielding. Further refinements have 
been made whereby the radioactivity asso- 
ciated with the boundary automatically turns 
one pump or valve off and the other one on. 

(b) Leak Detection: Radioisotopes have 
been used to detect leaks in piping. One of 
the first uses of this technique occurred in 
the radiant floor heating of a ranch-type 
house. During the first winter, the owner 
noticed that his water bill was running about 
$60 a month and his fuel oil bill was running 
around $400 per month. It was suspected 
that one of the pipes in the radiant floor 
heating system had sprung a leak, but it was 
impossible to determine where this leak had 
occurred. The owner was apprehensive; he 
was faced with the possibility of having to 
tear up with a jackhammer the floor of his 
dwelling until the leak was found. An expert 
in the handling of radioisotopes was called 
in, and he suggested adding a small amount 
of I'* to the water circulating through the 
coils in the floor. This was done. He then 
searched the floor area with a Geiger counter 
and found the leak immediately. At the point 
of the leak, the gamma radiation coming 
through the floor from the I*** was much 
higher than where there was no leak. To the 
owner’s pleasant surprise, all that had to be 
done was to roll back one corner of the rug 
and to drill a hole in the floor about 6 in. in 
diameter. It was found that one of the fittings 
had not been sweated in. When this was 
done, the fuel bill immediately dropped back 
to normal. The cost to the owner for this 
service approximated $100. 
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Here was an instance of radioisotopes 
being used in a nonlaboratory situation. Pre- 
cautions were taken to insure that none of 
the radioiodine got back into the domestic 
water supply, and the small amount of iodine 
that did remain in the circulating tanks 
decayed according to its natural half-life of 
eight days. 

(c) Acidizing Oil Wells: Another in- 
teresting use of radioisotopes is for improv- 
ing the technique of acidizing oil wells. The 
rate of flow from an oil well depends, among 
other factors, upon the porosity of the for- 
mation through which the oil flows. Eventu- 
ally there comes a time when particles of 
limestone plug up part of the porous strata, 
and the flow slows down. Potentially, the 
well may still be quite a good producer. 

When the oil flow slackens, hydrochloric 
acid under pressure is forced down into the 
well to dissolve some of the limestone and 
thus reestablish the flow of oil. This tech- 
nique is called oil-well acidizing and has been 
used for some 20 years. 

The improvement in the technique con- 
sists of cutting down the wasting of most 
of the acid on non-oil-productive limestone 
formations by the 
small 


controlling accurately 
position of the acid in the well. A 

quantity of radioactive iodine is added to 
the hydrochloric acid, and a Geiger counter 
is lowered into the well to determine the 
level of the acid layer in the casing. By 
means of techniques which have been devel- 
oped, the position of the acid level in the well 
can be controlled to approximately 2 ft. It 
is understood that by this method at least 
one oil field in Oklahoma which had been 
abandoned has been brought back into pro- 
ductivity. 

In this application, radioactive materials 
were handled by nontechnical personnel. It 
was necessary to show that the hazard added 
to the oil-well acidizing operation by the 
radioactivity was negligible before the I'*! 
could be obtained from the AEC. The effects 
of the hydrochloric acid itself (in the extreme 
case of a man accidentally swallowing some 
of the acid) were more dangerous than the 
effects of the radioiodine to his thyroid. Once 
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again one wonders what becomes of the 
radioactivity which has been added and 
which may possibly find itself in the oil. The 
isotope used, I'*', has a short half-life, and 
it becomes extremely diluted. Indeed, one 
would be hard pressed to find any radio- 
activity in this oil after a matter of a week 
or two. 

Outlook for Future Field Uses.— 
Field applications of radioisotopes are bound 
to increase in the next few years, because 
they are so well adapted to process control. 
The potential hazard to the general public 
can be kept within bounds (1) by using 
improved radiation detection devices which, 
in turn, enable use of much smaller quanti- 
ties of radioactive materials; (2) by using 
short-lived radioisotopes; (3) by suitable 
storage, if necessary, of the intermediate or 
finished products to allow for decay of the 
radioisotope, and (4) by considering each 
proposed field use in terms of the net advan- 
tage accruing to our well-being. 

Proposed field uses for radioisotopes have 
involved tagging of synthetic vitamin By» 
with Co®’ and using the gamma radiation to 
detect uniformity of mixing of the vitamin 
with animal foodstuffs; using Na** (by the 
British) to measure uniformity of mixing of 
the constituents of chocolate; using radio- 
phosphorus to measure the total phosphorus 
content of molten iron, and using radiocobalt 
to tag the rosin in rosin-core solder and to 
lower the starting voltage in fluorescent 
lamps. 

IV. Controlling Radiation Hazards in the 
Isotopes Distribution Program.—One might 
ask, Can anybody come up to the counter 
and buy radioactive materials? The answer 
is no! The sale, distribution, and any sub- 
sequent resale of all radioactive materials 
coming under the AEC Isotopes Distribu- 
tion Program are carefully controlled. The 
Atomic Energy Act of 1954, known as Pub- 
lic Law 703, was signed by the President on 
Aug. 30, 1954. It strengthens the statutory 
authority of the AEC in the field of health 
and safety as it pertains to control of radio- 
active materials. Naturally occurring radio- 


isotopes, such as radium, polonium, etc., are, 
however, not under the control of the AEC. 

A prospective user must satisfy the AEC 
that he knows how to handle radioactive 
materials, that he knows how to take care 
of himself and others, and that he will not 
simply discard the radioisotopes as he would 
old razor blades after he is through with 
them. Proper waste disposal, therefore, is 
one of the criteria that the applicant must 
satisfy. Secondly, he is not permitted to 
transfer his radioactive material to a second 
party unless that party has been authorized 
by the AEC to receive it. After the applicant 
has received his radioactive materials, his 
laboratory is visited by members of the AEC 
Radiological Safety Branch to insure that 
the above conditions have been met. 

In terms of the number of shipments made, 
most of the radioisotopes involved have been 
8-day I'*', 14-day P**, and others, generally 
to medical schools. These isotopes are used 
in the form of solutions. In terms of the 
number of curies involved, five-year Co" is 
undoubtedly the largest single contributor. 
All this material is now encapsulated, and 
the sources are stored in a lead container 
when not in use. 

It is required by the AEC that every 
laboratory using radioisotopes display promi- 
nently a placard furnished it, indicating the 
kind and quantity of radioactive materials 
present, together with the name of the person 
to be notified in case of accident. 

The the 


agency responsible for health and safety a 


Commission furnishes to state 
complete list of the isotope users in that 
state. These lists are “for official use only” 
but may be reproduced and distributed as 
required by the state health official in the 
performance of his duties. 

The inspector from the AEC notifies his 
counterpart in the state of contemplated 
visits and invites the latter, if he wishes, to 
accompany him on such visits. These joint 
visits have been going on for almost four 
years and have served to promote a better 
understanding between the Commission and 


the state health and industrial safety groups. 


This program will, of course, continue. 
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States are beginning to set up their own 
health-safety programs, and the Commission 
is happy to cooperate in such efforts. A sub- 
committee of the National Committee 
Radiation Protection, which is the nationally 
recognized body in the field of radiation pro- 
tection, is studying the feasibility of prepar- 
ing a model Radiation Safety Code, which 
in time will be made available to states in- 
terested in the handling of radioisotopes and 
other radioactive materials. The NCRP will, 
if requested, confer with state groups en- 
gaged in similar ventures. 


on 


It is axiomatic that the use of radioactive 
materials will continue to and _ that 
with the new Atomic Energy Act of 1954 
there will, in time, develop an atomic power 
industry as well. 


grow 


A review of the language and the legisla- 
tive history of both the 1946 and the 1954 
Act clearly indicates that Congress, although 
appreciative of the immeasurable benefits of 
atomic energy, was aware of its responsi- 
bility to protect the public from the potential 
hazards of radioactive materials. Both Acts 
are studded with innumerable references to 
protecting the health and safety of the gen- 
eral public. 

Section 81 of the new Act says, in part, 
“No person may transfer or receive in inter- 
state commerce, manufacture, produce, trans- 
fer, acquire, own, possess, import or export 
any by-product material, except to the extent 
authorized by this section... .’’ The Com- 
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mission is authorized further to grant li- 
censes to applicants seeking to use radioac- 
tive materials for medical, research, indus- 
trial, and agricultural purposes. 

to quote Section 81 further, 
“The Commission shall not permit the dis- 
tribution of any by-product material to any 
licensee, and shall recall or order the recall 


However, 


of any distributed material from any licensee, 
who is not equipped to observe or who fails 
to observe such safety standards to protect 
health as may be established by the Com- 
mission or who uses such material in viola- 
tion of law or regulation of the Commission 
or in a manner other than as disclosed in the 
application therefor or approved by the 
Commission.” 

The new Act also calls for a detailed li- 
censing program and for an Inspection Di- 
vision, 

Both the 1946 Act, in Section 12(a) (6), 
and the revision, in Public Law 703, Section 
161.f, authorize the Commission 
with the consent of the agency concerned, utilize 
or employ the services or personnel of any Govern- 
ment agency or any State or local government, or 
voluntary or uncompensated personnel, to perform 
such functions on its behalf as 


may appear 


desirable ; 

It is only by the cooperation of the state 
agencies with the Federal government that 
the safety record in the handling of radio- 
active materials can be maintained at a level 
of which all of us can be proud. 
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SELECTED PUBLICATIONS IN INDUSTRIAL HEALTH 


The office of the Council on Industrial Health is frequently asked to recommend 
publications relating to industrial medicine, surgery, and hygiene. The last previous 
list of textbooks and periodicals, compiled to answer this need was published in 
the Journal of the American Medical Association June 30, 1945, and reprinted in 
leaflet form. 

Since then several changes have taken place in the periodicals in this field. Many 
new books have been published in the interim. Some are devoted to entirely new 
subjects, such as atomic energy, while others deal with particular facets of industrial 
medicine which have assumed greater importance, like industrial noise, aviation 
medicine, and air pollution. Some of the older subjects were given new treatment 
during this period, and a number of the volumes formerly listed have become 
obsolete. 

The revised up-to-date list which follows was prepared from suggestions sub- 
mitted by members of the Council on Industrial Health and by several additional 
consultants. Owing to the absence of complete details in some publishers’ catalogues, 
price, number of pages, and other desirable data may not be complete in every case. 
Suggestions for improvement of the lists will be welcome. 

We have retained in the list several volumes which are now out of print according 
to the latest publishers’ catalogues. These are indicated by an asterisk (*) after 
the title and include standard references or classics (such as Alice Hamilton's first 
book) and several which have not been replaced by newer publications. Most of 
these should be available for reference in technical libraries. 

Reprints of this list will be available on request. 


Cart M. Peterson, M.D., Secretary 
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Modern Occupational Medicine. Fleming, A. J.; D’Alonzo, C. A., and Zapp, J. A., Editors. 
$10.00. Pp., 414. Lea & Febiger, 600 S. Washington Sq., Philadelphia 6. 1954. 

Occupational Medicine and Industrial Hygiene: The Clinical Approach. Johnstone, Rutherford T. 
$10.50. Pp., 604. C. V. Mosby Company, 3207 Washington Blvd., St. Louis 3. 1948. 

Preventive Medicine and Hygiene. 7th Edition. Rosenau, Milton J.; Maxcy, K. F., Editor. 
$15.00. Pp., 1477. Appleton-Century-Crofts, Inc., 35 W. 32d St., New York 1. 1951. 

Occupation and Health. Vol. I, Geneva, 1930. Pp., 999. Vol. II, Geneva, 1934. Pp., 1310. 
$24.00 per set. Supplements, Geneva, 1938, 1939, 1940, 1944. Supplements, $0.25 each. 
International Labour Office; Branch Office, 1262 New Hampshire Ave. N. W., Wash- 
ington 6, D. C. 

Essentials of Industrial Health.* Sappington, C. O. $6.50. Pp., 626. J. B. Lippincott Company, 
E. Washington Sq., Philadelphia 5. 1943. 

Industrial Poisons in the United States.* Hamilton, Alice. $5.00. Pp., 590. The Macmillan 
Company, 60 Fifth Ave., New York 11. 1925. 

Guide to the Diagnosis of Occupational Diseases. Parney, F. S., and Cunningham, J. G. $1.00. 
Pp., 317. King’s Printer and Controller of Stationery, Ottawa, Ont., Canada. 1949, 

Industrial Health and Medical Programs. Public Health Service Publication 15. Klem, Mar- 
garet C.; McKiever, Margaret F., and Lear, Walter J. $1.00. Pp., 397. Superintendent of 
Documents, U. S. Government Printing Office, Washington 25, D. C. 1950. 
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Small Plant Health and Medical Programs. Public Health Service Publication 215. Klem, 
Margaret C., and McKiever, Margaret F. $0.50. Pp., 213. Superintendent of Documents, 
U. S. Government Printing Office, Washington 25, D. C. 1952. 

Bibliography of Occupational Health. Public Health Bibliography Series 9. Public Health 
Service Publication 300. Hyslop, Frances L., and Gafafer, W. M. $0.35. Pp., 110. Superin- 
tendent of Documents, U. S. Government Printing Office, Washington 25, D. C. 1954. 

Management and Union Health and Medical Programs. Public Health Service Publication 329. 
Klem, Margaret C., and McKiever, Margaret F. $1.00. Pp., 276. Superintendent of Docu- 
ments, U. S. Government Printing Office, Washington 25, D. C. 1953. 


Special Topics 


Air Pollution: Proceedings of the United States Technical Conference on Air Pollution. McCabe, 
Louis C., Chairman. $12.50. Pp., 847. McGraw-Hill Book Company, Inc., 330 W. 42d St. 
New York 36. 1952. 

Air Pollution: A Bibliography. Bureau of Mines Bulletin 537. Davenport, S. J., and Morgis, 
G. G. $1.75. Pp., 448. Superintendent of Documents, U. S. Government Printing Office, 
Washington 25. D. C. 

Atomic Medicine. 2d Edition. Behrens, Charles F., Editor. $11.00. Pp., 632. Williams & 
Wilkins Company, Mount Royal and Guilford Aves., Baltimore 2. 1953. 

Aviation Toxicology: An Introduction to the Subject and a Handbook of Data. Aero Medical 
Association of the United States. $4.00. Pp., 110. The Blakiston Company, 330 W. 42d St., 
New York 36. 1953. 

Human Factors in Air Transportation: Occupational Health and Safety. McFarland, Ross A. 
$13.00. Pp., 830. McGraw-Hill Book Company, Inc., 330 W. 42d St., New York 36. 1953. 

Principles and Practice of Aviation Medicine. 3d Edition. Armstrong, H. G. $9.00. Pp., 476. 
Williams & Wilkins Company, Mount Royal and Guilford Aves., Baltimore 2. 1952. 

Coal Tar and Cutaneous Carcinogenesis in Industry. Combes, Frank C. $2.75. Pp. 80. Charles 
C Thomas, Publisher, 301-327 E. Lawrence Ave., Springfield, Ill. 1954. 

Occupational Tumors and Allied Diseases. Hueper, W. C. $11.00. Pp., 924. Charles C Thomas, 
Publisher, 301-327 E. Lawrence Ave., Springfield, Ill. 1942. 

Survey of Compounds Which Have Been Tested for Carcinogenic Activity. Public Health Serv- 
ice Publication 149. 2d Edition. Hartwell, Jonathan L. $4.25. Pp., 583. Superintendent of 
Documents, U. S. Government Printing Office, Washington 25, D. C. 1951. 

Manual of Decompression Sickness. Fulton, J. F., Editor. Committee on Aviation Medicine, 
National Research Council. $8.50. Pp., 437. W. B. Saunders Company, 218 W. Washington 
Sq., Philadelphia 5. 1951. 

Practical Dermatology. Lewis, George M. $7.50. Pp., 328. W. B. Saunders Company, 218 W. 
Washington Sq., Philadelphia 5. 1952. 

Occupational Diseases of the Skin. 2d Edition. Schwartz, Louis; Tulipan, Louis, and Peck, 
Samuel M. $12.50. Pp., 964. Lea & Febiger, 600 S. Washington Sq., Philadelphia 6. 1947. 

Dermatergoses or Occupational Affections of the Skin.* 4th Edition. White, R. Prosser. Price, 
unknown. Pp., 716. H. K. Lewis & Co., Ltd., 136 Gower St., London, W. C. 1. 1934. 

Industrial Dust. 2d Edition, revised. Drinker, Philip, and Hatch, T. F. $10.00. Pp., 401. 
McGraw-Hill Book Company, Inc., 330 W. 42d St., New York 36. 1954. 

Eyes in Industry. Campbell, D. A.; Riddell, W. J. B., and MacNalty, A. S. $6.50. Pp., 234. 
Longmans, Green & Co., Inc., 55 Fifth Ave., New York 3. 1951. 

Eyes and Industry. 2d Edition. Kuhn, Hedwig S. $9.00. Pp., 378. C. V. Mosby Company, 3207 
Washington Blvd., St. Louis 3. 1950. 

Eye Hazards in Industry: Extent, Cause, and Means of Prevention. Resnick, Louis. $4.50. 
Pp., 321. Columbia University Press, 2960 Broadway, New York 27. 1941. 

Toxic Eye Hazards. Publication 494. Joint Committee on Industrial Ophthalmology of the 
American Medical Association and the American Academy of Ophthalmology and Otolaryn- 
gology. $1.00. Pp., 102. National Society for the Prevention of Blindness, Inc., 1790 Broad- 
way, New York 19. 1949. 
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First Aid and Resuscitation: Emergency Procedures for Rescue Squads, Firemen, Policemen, 
Ambulance Crews, Interns and Industrial Nurses. Young, Carl B., Jr. $8.50. Pp., 352. 
Charles C Thomas, Publisher, 301-327 E. Lawrence Ave., Springfield, Ill. 1954. 

Heart Disease and Industry, with Particular Reference to Workmen’s Compensation Cases. 
Texon, Meyer. $7.50. Pp., 336. Grune & Stratton, Inc., 381 Fourth Ave., New York 16. 
1954. 

Chemistry and Action of Insecticides. Shepard, H. H. $7.50. Pp., 504. McGraw-Hill Book Com- 
pany, Inc., 330 W. 42d St., New York 36. 1951. 

Lead Poisoning. Cantarow, Abraham, and Trumper, Max. $1.50. Pp., 264. Williams & Wilkins 
Company, Mount Royal and Guilford Aves., Baltimore 2. 1944. 

History of Miners’ Diseases. Rosen, George. $8.50. Abelard-Schuman, Inc., 404 Fourth Ave., 
New York 16. 1943. 

Medical Survey of the Bituminous Coal Industry: Report of the Coal Mines Administration. 
$1.75. Pp., 310. Superintendent of Documents, U. S. Government Printing Office, Wash- 
ington 25, D. C. 1947. 

Noise: Causes, Effects, Measurements, Costs, Control. Institute of Industrial Health. Paper, 
$5.00. Cloth, $6.00. Pp., 192. University of Michigan Press, 311 Maynard St., Ann Arbor, 
Mich. 1952. 

Handbook of Acoustic Noise Control. Vol. I. Physical Properties. Bolt, R. H., and others. 
$4.00. Pp., 397. Vol. Il. Noise and Man. Rosenblith, W. A., and others. $3.00. Pp., 262. 
Wright Air Development Center, Wright-Patterson Air Force Base, Ohio. 1952-1953. 

Odors: Physiology and Control. McCord, Carey P., and Witheridge, William N. $7.00. Pp., 
405. McGraw-Hill Book Company, Inc., 330 W. 42d St., New York 36. 1949. 

Pneumoconiosis: Beryllium, Bauxite Fumes, Compensation (Sixth Saranac Symposium). Vor- 
wald, Arthur J., Editor. $7.50. Pp., 659. Paul B. Hoeber, Inc., 49 E. 33d St., New York 
16. 1950. 

Industry, Tuberculosis, Silicosis and Compensation: A Symposium. Gardner, Leroy U., Editor. 
$2.00. Pp., 126. National Tuberculosis Association, 1790 Broadway, New York 19. 1945. 

Third International Conference of Experts on Pneumonoconiosis. Vol. I. Price unknown. Pp., 
323. Vol. II. Price unknown. Pp., 337. International Labour Office; Branch Office, 1262 
New Hampshire Ave. N. W., Washington 6, D. C. 1953. 

Industrial Psychology. 3d Edition. Tiffin, Joseph. $6.65. Pp 
wood Cliffs, N. J. 1952. 


. 953. Prentice-Hall, Inc., Engle- 


List of Respiratory Protective Devices Approved by Bureau of Mines. Information Circular 
7636 and supplements. Revised periodically. Free. U 
of Mines, Washington, D. C. 


. S. Department of the Interior, Bureau 


Woman on the Job. Rolen, Marian. $2.50. Pp., 88. National Safety Council, 425 N. Michigan 
Ave., Chicago 11. 1954. 

Women in Industry: Their Health and Efficiency.* Baetjer, Anna M. $4.00. Pp., 344. W. B. 
Saunders Company, 218 W. Washington Sq., Philadelphia 5. 1946. 


Industrial Hygiene, Toxicology, and Safety 


Industrial Hygiene and Toxicology. Patty, Frank A., Editor. Vol. I. $13.50. Pp., 1-531. Vol. IL. 
$16.50. Pp., 535-1138. Interscience Publishers, Inc., 250 Fifth Ave., New York 1. 1948-1949. 

Industrial Toxicology. 2d Edition. Hamilton, Alice, and Hardy, Harriet L. $6.50. Pp., 574. 
Paul B. Hoeber, Inc., 49 East 33d St., New York 16. 1949. 

Industrial Toxicology. Fairhall, Lawrence T. $6.00. Pp., 483. Williams & Wilkins Company, 
Mount Royal and Guilford Aves., Baltimore 2. 1949. 

Industrial Health Engineering. Brandt, Allen D. $7.00. Pp., 395. John Wiley & Sons, Inc., 
440 Fourth Ave., New York 16. 1947. 

Toxicity of Industrial Organic Solvents. Revised American Edition. Browning, Ethel. $8.00. 
Pp., 411. Chemical Publishing Company, Inc., 212 Fifth Ave., New York 10. 1953. 

Noxious Gases and the Principles of Respiration Influencing Their Action. 2d Edition. Hender- 
son, Yandell, and Haggard, H. W. $5.00. Pp., 294. Reinhold Publishing Corporation, 430 
Park Ave., New York 22. 1943. 
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Industrial Environment and Its Control. Dalla Valle, Joseph M. $4.50. Pp., 225. Pitman Pub- 
lishing Corporation, 2 W. 45th St., New York 36. 1948. 

Design of Industrial Exhaust Systems. 2d Edition. Alden, John L. $3.50. Pp., 252. Industrial 
Press, 148 LaFayette St., New York 13. 1948. 

Symptoms and Treatment of Acute Poisoning. Lucas, G. H. W. $4.00. Pp. 308. The Macmillan 
Company, 60 Fifth Ave., New York 11. 1953. 

Poisoning : A Guide to Clinical Diagnosis and Treatment. von Oettingen, W. F. $10.00. Pp., 524. 
Paul B. Hoeber, Inc., 49 East 33d St., New York 16. 1952. 

Analytical Chemistry of Industrial Poisons, Hazards and Solvents. 2d Edition, revised. Jacobs, 
Morris B. $13.50. Pp., 788. Interscience Publishers, Inc., 250 Fifth Ave., New York 1. 1949. 

Manual of Pharmacology and Its Applications to Therapeutics and Toxicology. 7th Edition. 
Sollman, Torald H. $11.50. Pp., 1132. W. B. Saunders Company, 218 W. Washington Sq., 
Philadelphia 5. 1948. 

Chemistry of Industrial Toxicology. Elkins, Hervey B. $7.00. Pp., 406. John Wiley & Sons, 
Inc., 440 Fourth Ave., New York 16. 1950. 

Condensed Chemical Dictionary. 4th Edition. $12.00. Reinhold Publishing Corporation, 43) 
Park Ave., New York 22. 1953. 

Handbook of Chemistry and Physics: A Ready Reference Book of Chemical and Physical Data. 
35th Edition. Hodgman, Chas. D., Editor-in-Chief. $8.50. Pp., 3000. Chemical Rubber Co., 
2310 Superior Ave., Cleveland 14. 1953. 

Chemical Safety Data Sheets: Properties and Essential Information for Safe Handling and Use. 
$0.25-$0.35 each as issued. Manufacturing Chemists Association, Inc., Woodward Building, 
Washington 5, D. C. 

Industrial Accident Prevention: A Scientific Approach. 3d Edition. Heinrich, H. W. $7.00. 
Pp., 470. McGraw-Hill Book Company, Inc., 330 W. 42d St., New York 36. 1950. 

Accident Prevention Manual for Industrial Operations. Nonmembers, $18.00. Members, $9.00. 
Pp., approx. 700. National Safety Council, 425 N. Michigan Ave., Chicago 11. Fall, 1955. 


Disability, Workmen’s Compensation, and Rehabilitation 


Calculation of Industrial Disabilities of the Extremities. Rice, Carl O. $10.50. Pp., 306. Charles 
C Thomas, Publisher, 301-327 E. Lawrence Ave., Springfield, Ill. 1952. 

Evaluation of Industrial Disability. Committee of the California Medical Association and the 
California Industrial Accident Commission. $4.00. Pp., 89. Oxford University Press, 114 
Fifth Ave., New York 11. 1950. 

Disability Evaluation: Principles of Treatment of Compensable Injuries. 5th Edition. McBride, 
Earle D. $15.00. Pp., 715. J. B. Lippincott Company, E. Washington Sq., Philadelphia 5. 
1953. 

Expert and Technical Testimony. Institute of Industrial Health. $2.50. Pp., 60. University of 
Michigan Press, 311 Maynard St., Ann Arbor, Mich. 1953. 

Accidental Injuries: The Medico-Legal Aspects of Workmen’s Compensation and Public Lia- 
bility.* 2d Edition. Kessler, Henry H. $10.00. Pp., 803. Lea & Febiger, 600 S. Washington 
Sq., Philadelphia 6. 1941. 

Workmen’s Compensation: Prevention, Insurance and Rehabilitation of Occupational Disability. 
Somers, Herman M., and Somers, Anne R. $6.50. Pp., 332. John Wiley & Sons, Inc., 440 
Fourth Ave., New York 16. 1954. 

Workmen’s Compensation in the United States. Bureau of Labor Statistics Bulletin 1149. 
U. S. Department of Labor. $0.30. Pp., 45. Superintendent of Documents, U. S. Govern- 
ment Printing Office, Washington 25, D. C. 1954. 

Analysis of Workmen’s Compensation Laws. $1.00. Pp., 56. Chamber of Commerce of the 
United States, Washington, D. C. 1954. Revised periodically. 

Adequacy of Workmen’s Compensation. Reede, Arthur H. $5.00. Harvard University Press, 
Cambridge 38, Mass. 1948. 


Casualty Insurance. Revised Edition. Kulp, C. A. $6.00. Ronald Press Co., 15 E. 26th St., 
New York 10. 1942. 
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Occupational Disease Reporting. Public Health Service Publication 288. Trasko, Victoria M. 
$0.40. Pp., 80. Superintendent of Documents, U. S. Government Printing Office, Washing- 
ton 25, D. C. 1953. 

Rehabilitation of the Physically Handicapped. 2d Edition. Kessler, Henry H. $4.00. Pp., 274. 
Columbia University Press, 2960 Broadway, New York 27. 1953. 

Doing Something for the Disabled. Public Affairs Pamphlet 197. Switzer, Mary E., and Rusk, 
Howard A. $0.25. Pp., 28. Public Affairs Committee, Inc., 22 E. 38th St., New York 16. 
1953. 

Rehabilitation of Industrial Hand and Arm Disabilities: Proceedings of the Second Annual 
Conference and Demonstration for Compensation Insurers and Physicians. $1.00. Pp., 47. 
Institute for the Crippled and Disabled, 400 First Ave., New York 10. 1954. 

Physical Capacities and Job Placement. Hanman, Bert. $5.00. Pp., 167. John de Graff, Inc., 
64 W. 23d St., New York 10. 1952. 

Job Placement of the Physically Handicapped.* Bridges, Clark D. $4.00. Pp., 329. McGraw- 
Hill Book Company, Inc., 330 W. 42d St., New York 36. 1946. 


Periodicals 


A. M. A. Archives of Industrial Health (supersedes Journal of Industrial Hygiene and Toxicology 
and A. M. A. Archives of Industrial Hygiene and Occupational Medicine). Monthly. 
$8.00 per year. American Medical Association, 535 N. Dearborn St., Chicago 10. 

Journal of the American Medical Association. Weekly. $15.00 per year. American Medical 
Association, 535 N. Dearborn St., Chicago 19. 

Industrial Medicine and Surgery. Monthly. $6.00 per year. Industrial Medical Publishing Co., 
605 N. Michigan Ave., Chicago 11. 

American Industrial Hygiene Association Quarterly. $4.00 per year. American Industrial Hy- 
giene Association, 605 N. Michigan Ave., Chicago 11. 

British Journal of Industrial Medicine. Quarterly. $7.00 per year. British Medical Association. 
Published by British Medical Association House, Tavistock Sq., London, W. C. 1. 

sulletin of Hygiene. Monthly. $10.00 per year. Bureau of Hygiene and Tropical Diseases, 
Keppel St., Gower St., London W. C. 1. 

American Journal of Public Health. Monthly. $10.00 per year. American Public Health Associ- 
ation, 1790 Broadway, New York 19. 

Industrial Hygiene Digest. Monthly. Industrial Hygiene Foundation of America, Inc., 4400 
Fifth Ave., Pittsburgh 11. 

National Safety News. Monthly. $5.50 per year to members; $7.50 to nonmembers. National 
Safety Council, 425 N. Michigan Ave., Chicago 11. 
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EpITEpD BY Dr. CHRISTOPHER H. Woop 


General 


RECOMMENDATION OF THE INTERNATIONAL LABOUR OFFICE IN GENEVA ON PROTECTION OF 
THE HEALTH OF THE WORKER AT THE WoRKPLACE. STAUB $5:5-10 (March 15) 1954. 


The General Conference of the International Labor Organization and its administrative 
council have been occupied since 1952 with the question of protecting the health of the worker 
in the workplace. On June 22, 1953, the Conference adopted the recommendation described in 
detail in this article. It includes many decisions which refer to dust, smoke, and fume and the 
injury to health which may be caused by them. 

The recommendation is given in five sections which may be summarized as follows: 

1. This section consists of technical measures for protection against dangers to the workers’ 
health. It contains seven items setting forth the duties of the legal authorities of the countries 
to advise on the dangers to health and the duties of employers to secure and maintain cleanliness, 
to provide suitable and adequate conditions in workrooms as to space, lighting, ventilation, 
control of temperature, dampness, and objectionable odors, and to provide sanitary facilities, 
washing accommodations, and drinking water. Other provisions refer to changes of clothing 
when necessary and changerooms, mealrooms in plants where workers are forbidden to eat in 
workrooms, reduction of harmful noise and vibration, and custody of dangerous substances. 
Means must be taken to substitute safe for harmful materials, to prevent the formation of 
dangerous substances, to afford protection from dangerous radiations, to separate or enclose 
dangerous processes, and to prevent exposure to dust, gases, and fumes in dangerous concen- 
trations. Provision is required through localized mechanical ventilation for removal of dangerous 
dust, gases, etc. The workers must be supplied with protective clothing and personal protective 
equipment, with instruction in their use, and provision must be made for the cleansing and 
maintenance of these. The workers must also be instructed in the importance of the protective 
measures provided and in their duty to follow them properly and to take care of the equipment. 
Consultations with the workers should be considered an important means to that end. The air 
of workrooms in which dangerous substances are used must be examined at frequent intervals 
by specially competent persons so as to control the concentrations of dust, fumes, etc. Notices 
must be posted directing attention to special dangers and the precautions to be taken; representa- 
tives of the employers and the factory inspectorate are to confer on the means for carrying out 
these orders. 

2. Medical examinations must be provided for workers employed on processes dangerous to 
health shortly before or shortly after they commence work or at specified intervals. The 
authority of the country shall arrange for consultations between employers’ and workers’ organi- 
zations on the occupations for which the examinations are to be carried out and on the manner 
and frequency of the examinations, depending on the degree of risk in the occupations. The 
purpose of such examinations shall be to detect the first evidence of disease and to decide whether 
an occupation is inherently dangerous to health. If such a decision is reached, a certificate to that 
effect shall be given; this certificate shall be preserved by the employer, shall be produced for 
an inspector when required, and shall remain at the disposal of the worker. The examination shall 
be made by a physician specially experienced in occupational medicine; the result shall be con- 
fidential ; and the examination shall be made without cost or loss of wages to the worker. 

3. The reporting of occupational diseases shall be ordered by the authority of the country. 
The reports shall be used for the introduction of preventive and protective measures, for stimu- 
lating an investigation of working conditions which may cause occupational disease, for the 
compilation of statistics, and for encouraging the practice and development of methods of treat- 
ment of affected persons. The authority shall order the compulsory notification of cases of 


348 


in: 
: 
: 
‘ 
: 
© 


ABSTRACTS FROM CURRENT LITERATURE 


occupational disease, or suspected cases, and shall indicate the time limits for notification and 
the particulars which this notification must contain. The authority shall make a list of occu- 
pational diseases or symptom groups, which shall be revised from time to time. 

4. Means shall be provided at the workplace for giving first aid for accidents, poisoning, or 
other forms of illness. The authority of the country shall prescribe details of these by regulation. 


5. This section consists of general directions to each country, state, province, or canton for 
carrying out this recommendation. 


E. L. Mrppieton Hyze.]. 


Occupational Diseases and Hazards 


SoME STATISTICAL CONSIDERATIONS IN THE STUDY OF CANCER IN INDUsTRY. S. J. CUTLER, 
M. A. SCHNEIDERMAN, and S. W. GREENHOUSE, Am. J. Pub. Health 44:1159-1166 (Sept.) 
1954. 


This paper does not present actual statistics on cancer in industry but discusses methods 
of obtaining reliable results of a survey of cancer or any other disease in any selected group. 
Two important factors are involved: (1) the size of the group studied and (2) location of the 
persons for study and methods of obtaining the information. The paper presents a mathematical 
study of these two factors. The probability that the plant rate exceeds the general population 
rate is calculated for a wide range of person-years and rates per 100,000 population. It is essential 
that the study group be made up of persons employed long enough to constitute effective exposure 
and that they be followed for a sufficiently long period so that the effects of exposure may be 
known. Collection of data from company medical records and personnel records and follow-up 
of persons exposed at a given date are discussed. Criteria are given for evaluation of the data. 
Failure to consider all the mathematical implications may lead either to exaggeration or to 


minimization of the risk. Inpust. Hye. Dicest 


BERYLLIUM EXTRACTION, REDUCTION, AND ALLOY FABRICATION: ENGINEERING StupDy COvER- 
ING TEN YEARS’ EXPERIENCE. J. SHILEN, F. B. KOPPENHAVER, J. G. CLELAND, L. R. 
Lutz, and V. M. Voucur, Indust. Med. 23:291-299 (July) 1954. 


This paper represents a study of exposures to beryllium and fluorides in a beryllium extraction 
and metallurgical company. Contrary to the subtitle, there is also a very brief discussion of 
medical findings. Whether by accident or design, there are repeated implications that there is 
some question as to the toxicity of beryllium. The closest the authors come to denying beryllium 
toxicity is in the following statement, “To assume beryllium as toxic from the beginning was 
regarded as the most prudent policy to follow until its real status on the toxicological scale has 
been proved by scientific studies of environmental conditions of exposure and by medical examina- 
tion and evaluation of case histories which become available for those that have been exposed.” 
This statement indicates that the authors choose to ignore and, by implication, deny the large 
number of cases of beryllium poisoning which have been described in the literature during the 
past 15 years. The simple facts are that the authors of this paper show data on fluoride and 
beryllium taken spasmodically over a 10-year period and state that they found no evidence of 
beryllium poisoning from x-ray studies using 70 mm. x-ray film. Several important questions 
must be answered before this paper can invalidate all the work which has been done to establish 
that beryllium is in fact toxic. In the first place, data in the tables (1 to 7) do not represent 
10 years of study of plant environmental conditions but only the years 1943, 1947, 1949, 1950, and 
1953. In some departments only one or two sets of data are given. For example, in the molding 
and casting section of the foundry there are two values in 1947 and two in 1953; in the abrasive 
grinding and cleaning section, the hot mill section, and the scarfing section only two values are 
given for each in 1953. It is notable also that, while several of the fluoride results are above the 
maximum allowable concentration and the authors report no cases of fluoride poisoning, they 
do not imply that fluorides are not toxic. The most serious question can be raised as to the 
validity of using 70 mm. x-rays to detect changes characteristic of beryllium poisoning. 


In their summary the authors state, “For the past three years beryllium poisoning has been 
a compensable occupational disease in Pennsylvania, but no claims for such compensation have 
been filed against this company as of this same date.’ They pointedly omitted any reference to 
cases before the Pennsylvania Act was amended to include beryllium poisoning. What has been 
the history prior to the change in the Act? 
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While this article has attempted to show by implication that beryllium is not toxic, it has 
shown only that, by the techniques used, the authors did not find evidence of beryllium poison- 
ing in this plant. The well-known fact that beryllium is toxic has not been altered in any way by 
this report. CHARLES R. WILLIAMs, Boston. 

[Strong exception to the paper and all its implications appears in a letter from Dr. Johnstone 
in Industrial Medicine and Surgery 23:577-558 (Dec.) 1954. Ep.] 


Industrial Toxicology 


PorsoninG By Catcium CyANAMIDE. J. DE Larrarp and H. J. Lazarint, Arch. mal. profess. 
15: 282-287, 1954. 


This paper describes how the workers employed at a lime factory, when a new agricultural 
lime manure was being handled, complained of skin trouble; on taking food, especially if wine 
or beer was consumed, the skin flushed up and became engorged and itching. The condition was 
temporary and soon passed off. It transpired that the new product contained calcium cyanamide, 
5%, which was present to convey nitrogen as a fertilizer. The employer had no knowledge that 
calcium cyanamide was injurious or could originate “mal rouge.” 

A discussion follows of the chemistry of reactions which may occur in the tissues when the 
cyanamide reaches them; in particular, alcohol accelerates any such reaction. In the stomach, 
hydrochloric acid converts the cyanamide into hydrocyanic acid. The suggestion is advanced 
that the reactions resemble those of hydrocyanic acid by blocking the transference of oxygen 
from the blood to the tissues; hence foilows a pseudoasphyxia, with red coloration due to over- 
oxygenation of the blood. Sleep is disturbed because of a lack of oxygen for release to the 
nervous centers. 

The “red disease” was a passing inconvenience, and its interest lies in theories of the 


reactions which cause it. ot. Conan 


EXPERIMENTAL STUDY IN THE TREATMENT OF POISONING BY SODIUM PENTACHLOROPHENATE. 
A. Brune, J. VIALLIER, and L. Rocwe, Arch. mal. profess. 15:307-308, 1954. 


Sodium pentachlorophenate is known to be toxic and to possess bactericidal, insecticidal, and 
fungicidal properties; hence, it is largely used for protecting wood. Little is known of its toxic 
effects on man. Two fatal cases have been reported among foresters from symptoms similar to 
those experienced by animals under experiments. The clinical picture is one of sudden rise of 
temperature to great heights, profuse sweating, “suffocation,” muscular contractions, with death 
supervening in less than 24 hours. Slight differences in quality or in dosage influenced the toxic 
effects; some animals died rapidly, while others unexpectedly survived without showing any 
symptoms. Placing the poisoned guinea pigs in a cooled chamber was found to delay death, 
whether any other treatment was under trial or not. The suggestion is advanced that in a sub- 
acute human case chlorpromazine (Largactil) and diuretics should be exhibited, with efforts to 
keep down the temperature. At present, prevention should be the keynote, since treatment is 


quite unsatisfactory. Cos 


DIAGNosTIcC VALUE OF A MYELOGRAM IN LEAD PorsoninG. P. Moret, L. Rocue, and 
J. Baron, Arch. mal. profess. 15: 308-311, 1954. 


The blood picture has been fairly closely worked out in cases of lead poisoning, but little 
attention has been paid to that of the bone marrow where the blood is made. Observations were 
made on 100 persons with definite or suspected plumbism. The marrow was inspected by sternal 
puncture. Soon after the beginning of lead absorption the blood contains basophile red cells; 
there is a diminution in the hemoglobin and mild anemia. But the marrow does not show these 
changes until much later, by which time macrophages which are normally rare in the marrow 
are abundant, particularly in chronic cases. This hyperplasia of macrophages is of considerable 
diagnostic value. 

When once these changes have been established in the marrow, they persist for perhaps 
three to four months; if, however, dimercaprol (BAL) has been used to eliminate the lead, the 
marrow quickly becomes normal, perhaps in a month, which indicates the value of this treat- 
ment for clearing lead out of the system. In delayed lead poisoning, symptoms and blood change 
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appear long after exposure to lead has ceased (more than five years in one case), and the myelo- 
gram changes persist longer still in such cases. The practical value of inspecting the marrow in 
diagnosing plumbism is considered to be indi able in certain cases. . ~ 

g sm is lered to be indisputable in certain cases EL. 


PORPHYRINS AND INDUsTRIAL Potsontinc. W. Stein, Arch. Gewerbepath. u. Gewerbehyg. 
13 : 304-320, 1954. 


Porphyrin belongs to the group of pyrrole pigments which show a red fluorescence with 
ultraviolet light. Its most important derivatives are associated with hemoglobin, myoglobin, 
chlorophyll, the cell ferment catalase, cytochrome, Warburg's respiratory ferment, and some 
oxidases and peroxidases. Coproporphyrin is excreted in the bile, feces, and urine as a physio- 
logical decomposition product of porphyrin metabolism. 

Porphyrin and its derivatives are formed chiefly as a preerythrocytic constituent in the bone 
marrow, but all cells with an oxidative metabolism are capable of porphyrin synthesis. This 
complex endogenous metabolism is liable to disturbance by many toxins, as also is exogenous 
metabolism associated with many foodstuffs containing porphyrin derivatives and with bacterial 
synthesis. 

The normal porphyrin excreted in the urine is partly endogenous (30 to 40 y daily) and 
partly exogenous (100 y daily) ; the fecal excretion ranges from 150 to 400 Y on a porphyrin- 
free diet to 1,000 y daily on a diet containing porphyrins. 

Disturbance of porphyrin metabolism is shown chiefly by increased excretion of copropor- 
phyrin, without uroporphyrin, but uroporphyrin III is increased in the constitutional disease 
acute porphyria and may occur after administration of sulfonmethane (Sulfonal), chloral, 
paraldehyde, and sulfonamides, after exposure to radium, ultraviolet light, and sunlight, in 
infections, shock, and association with photosensitivity. \ 

Toxic porphyria is caused by many industrial poisons—lead, selenium, arsenic, thallium, 
manganese and other heavy metals, aliphatic and chlorinated hydrocarbons, etc., the most marked 
effect being found in lead poisoning. 

In lead poisoning, the increase of coproporphyrin III in the urine appears earlier than the 
usual symptoms and may be up to 50 to 100 times the normal; some coproporphyrin I may 
also be present. The condition is believed to arise from a disturbance of iron metabolism— 
coproporphyrin III from inadequate synthesis and coproporphyrin I from the effect of lead on 
cell proliferation (erythropoiesis). There is no parallelism between punctate basophilia and 
coproporphyrinuria. 

Thallium poisoning is associated especially with urinary excretion of coproporphyrin ITI, 
and selenium with coproporphyrin I; selenium exerts its action on liver and bone marrow, 
inhibiting the oxidative function of urease and phosphatase and increasing the basal metabolism. 
Mercury inhibits the synthesis of iron with protoporphyrin, and zinc and copper may form 
porphyrin complexes. 

Estimation of porphyrinuria, both qualitative and quantitative, is made by a modification of 
the method described by De Langen and Ten Berg. 

To 20 cc. of a 24-hour specimen of urine are added a few drops of acetic acid and 2 cc. of 
ether. After shaking, the ether layer is examined by ultraviolet light. More or less intense red 
fluorescence denotes marked increase of excretion of porphyrin. For semiquantitative estimation, 
the porphyrin extract from 200 cc. of freshly voided urine is compared with known solutions 
containing 100 and 1,000 y per 100 cc., respectively, but the author observes that the method 
has several disadvantages and mentions the alternative use of two dimensional paper chroma- 
tography. He recommends the practice of examination of urine of lead workers for porphyrin- 
uria as a supervisory measure and its supplementation by careful qualitative and quantitative 
estimations whenever it is demonstrated. 

(For a complete survey of the physiological aspects and theories of porphyrin metabolism, 


the original article be consulted.) 
the original article should be consulte EtHet Brownrinc [Butt. Hye.]. 


Curonic INTOXICATION BY TETRAETHYL Leap. E. N. POMERANTSEVA, Klin. med. Chem. 
Zentralbl. 28: No. 3, 67-70, 1950, and 1:87, 1951. 
Chronic poisoning with PbEt, frequently is unrecognized, because its clinical picture has 
not yet been completely established. In the examination of patients, 25 to 40 years old, who 
had worked with PbEt; for periods of 5 to 12 years, the injuries observed were essentially of 


two types: vegetative disturbances (hypotensions, with blood pressure of 90/50 to 85 mm.; 
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bradycardia, with pulse of 40 to 52; hypothermia, with temperature of 35.2 to 35.5 C., and 
profuse sweating and saliva formation) and asthenia. These symptoms correspond essentially 
with those observed in the initial stages of acute PbEt, poisoning. The blood sedimentation values 
were reduced in about 40% of the cases. The hematoporphyrin content of the urine was increased 
in only 2% of the cases. In 2% of the cases, 0.07 mg. Pb per liter was found in the excretions ; 
in 51%, no Pb was found. The typical symptoms characteristic of poisoning with inorganic Pb 


thus were not observed in poisoning with PbEt:. M. G. Moore [Cuem. Apst.] 


EXPERIMENTAL INVESTIGATION ON THE EFFECT OF “TUTOGEN” PREPARATIONS ON THE ORGANISM. 
B. Scumipt, Ztschr. Hyg. 189:115-120, 1954. 


Tutogen, a foaming fire extinguisher, is produced in four different forms, varying slightly in 
chemical constitution and pH: Tutogen N, a 50% aqueous solution of alkyl naphthalene sulfonic 
acid, protein acids, ligninsulfonic acids, and alkalies, giving a neutral reaction; Tutogen E, of 
similar constitution but containing zinc chloride and ammonia, giving a strong alkaline reaction 
and a smell of ammonia; Tutogen 43, with a weakly acid reaction and specially recommended 
for rapid action, and Tutogen U, a recent development of Tutogen E and known as the “Uni- 
versal Foam Fire Extinguisher.” 

An investigation of the effects of all the preparations on rabbits and guinea pigs included 
spraying the animals daily for seven days and inhalation of a fine spray for two hours a day; the 
animals were killed on the seventh and eighth days. Apart from slight coughing at the beginning 
of inhalation with all preparations except Tutogen U, there was no evidence of any injury to 
skin, membranes, or internal organs. 

Inhalation by human beings of the spray (1 liter nebulized in a closed room of 23.5 cu.m. 
capacity) was followed by only slight transient irritation of the nose, throat, and eyes with all 


reparations excep ig > 
preparations except Tutogen ETHEL BrowninG [ButLt. Hyc.]. 


ToxiIciTIES OF TRICHLOROETHYLENE AND TETRACHLOROETHYLENE AND FuyIWARA’s Pyrt- 
DINE-ALKALI REACTION FOR TRICHLOROACETIC Acip. L. Friperc, B. Kyiin, and A. 
Nystrom, Acta pharmacol. et toxicol. 9:303-312, 1953. 


Tetrachloroethylene is more toxic than trichloroethylene to experimental animals. Human 
subjects inhaling air containing trichloroethylene in concentrations approximately corresponding 
to the hygienic concentration limit (100 ppm) seven hours per day for five days excreted 250 to 
500 mg. of trichloroacetic acid per liter of urine, as determined by the Fujiwara reaction. Others 
treated similarly with tetrachloroethylene for three days excreted less than 15 mg. of trichloro- 


acetic acid per liter of urine. Inpust. Hyc. D1cEst 


Medicine and Surgery 


REHABILITATION (SYMPOSIUM ON REHABILITATION HELD IN PLENARY SESSION AT THE 
Soutu AFRICAN MEDICAL ConGress, Port ELizaBetu, JUNE, 1954). South African M. J. 
28:701-733 (Aug. 21) 1954. 


This session on rehabilitation was attended by representatives of commerce, industry, and 
medicine. The medical aspects were first presented, indicating that the medical view upon 
illness was enlarging in two directions: first, the causation of disease should point the way to 
prevention; then, after cure, attention must be directed to the return of function before recovery 
can be completed. This completion is rehabilitation, which has heretofore been greatly neglected 
by physicians. Its importance to the patient and his employer is great, and in the form of 
occupational therapy it is of great medical value. Much nonproductive lost time can thus be 
avoided. The patient, the physician’s first consideration, benefits, and industry benefits also. In 
South Africa, as result of proceedings here reported, the Minister of Labor has determined to 
appoint a National Rehabilitation Council. 

Different aspects of the matter were presented by the President of the South African Chamber 
of Industries and the President of the Association of Chambers of Commerce. Alcoholism as a 
cause of lost time was stressed, and the way to reduce it was discussed. The subject of good 
and correct living to reduce ill health and accident proneness was considered. Rehabilitation 
should start with the family physician and the hospital service. It is here that its orthopedic 
aspects become manifest. The whole subject was well discussed. e 1. Cosas 
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New INVESTIGATIONS ON THE INHALATION OF ELECTROAEROSOLS. H. CAvER and N, Ney- 

MANN, Staub Diisseldorf 33:293-307, 1953. 

Electroaerosols are salt solutions sprayed through special fine jets and negatively charged. 
It is claimed that the negative charge produces fine droplets which can more easily penetrate to 
the alveolar tissue than uncharged aerosols. 

Previous work had been done with water from the spa Wiesbaden, but in the present work 
the authors used samples of sea water taken at a depth of 20 yd. at a distance of 40 miles from 
the shore. The paper gives the composition of the sea water and its pH and the results of the 
analyses of the air in a room at various distances from the origin of the spray, after spraying 
this sea water in one of the usual rooms for simultaneous treatment of several patients. As all 
conditions were similar to those under which Wiesbaden spa water had been tested previously, 
the results were compared. The sea water contained four times as much chloride as the spa 
water, and chloride values actually six times as high were found at 50 cm. distance from the jet, 
but only twice the values at 150 cm. 

The sea water had a higher magnesium content than the spa water, and more magnesium was 
found in the air. Calcium was about equal in both samples. Data for potassium and ammonium 
and nitrite are also given. The last two showed no change in concentrations as a function of 
distance from the jet, and they came from the air in the room and not from the spray; pH of 
the room air also was fairly constant between pH 7 and 8. 

A fairly long discussion follows in which the advantages of electroaerosol treatment are 
stressed. It is said to have been successful in curing whooping cough and bronchitis especially. 
The different places in which this method is used are listed, and successes claimed for this 
treatment are quoted. These places include several factories and mines. This is followed by a 
discussion of the value of the different ions; it includes statements about the value of magnesium 
and calcium as antidotes for silica in silicosis. 

Finally, reference is made to recent unpublished work which demonstrates the penetration of 


electroaerosols into the lung and pleura and also demonstrates a drop in tissue pH during 
inhalation. 


G. NAGELscHMipt Hye.]. 


Environmental Conditions 
An ENGINEERING Jos. WiLt1am T. INGRAM, Pub. Health Rep. 69:722 (Aug.) 1954. 

Industries’ contribution te the overloading of the air with waste substances cannot be 
assessed without engineering investigation and analysis. The design of an industrial survey to 
obtain such information is given. 

The selection of equipment for control should be done by an industrial staff, or consultants, 
and never by the municipal control engineer whose job it is to inspect for conformance with legal 
standards. The economics of corrective measures are part of the engineering investigation. The 
atmosphere can serve effectively as a diluent, and the degree of efficiency to which process air 
cleaning is geared must be determined so that neither industry nor the public is penalized 
unduly. 


New State ProGRaAmM. A. Munroe, Pub. Health Rep. 69:726 (Aug.) 
1954. 

An air-sanitation program has been added to the activities of the New Jersey State Health 
Department. The program aims to provide the following: (1) assistance to local governments 
in the formulation of local air-pollution control ordinances; (2) air-sanitation research to develop 
and modify methods and procedures for sampling and analysis of the specific air pollutants of 
New Jersey, and (3) technical assistance to municipalities and others for developing means to 
control the emission of air contaminants. All forms of man-made and natural air contamination 
are to be considered by this program. I. L. Beavcuamp, San Diego. 
SAMPLING INSTRUMENTS FOR AIR POLLUTION SuRVEYs. LESLIE SILVERMAN, Pub. Health Rep. 

69:914-924 (Oct.) 1954. 

The paper gives a brief discussion of methods and principles that can serve as a guide for 
studying the present status of air-pollution sampling instruments and their application to field 
problems. It contains six pages of very useful tables, comparing methods and instruments and 
showing their use and limitations. The paper is supported with 30 references. 


Puitiep DRINKER, Boston. 
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Arr Potiution: A BrpLroGrapHy. S. J. DAVENPORT and G. G. Morais, Bulletin 537, U. S. 
Department of the Interior, Bureau of Mines, 1954. 


This bibliography includes abstracts of 3092 papers and publications on air pollution, arranged 
in chronological order, from 1859 to 1952. It is a valuable reference list for all those interested 


in air pollution. tive 


Determination of Air-Borne Contaminants 


DETERMINATION OF DENSITY OF SMALL FRAGMENTS. WILLIAM Primak and Paut Day, 
Analyt. Chem. 26:1515-1517 (Sept.) 1954. 


The extension of the flotation method of Hutchison and Johnston for determining crystal 
densities to the determination of the densities of small fragments in the fractional milligram 
weight range is shown to involve an entirely different set of limitations on precision from the 
original method. Control of temperature and freedom from convection and vibration no longer 
limit the precision but rather the viscosity of the flotation liquid, the size of the particle, the 
length of observation of the crystal, and the heat diffusivity of the vessel and liquid. The adhesion 
of foreign matter becomes of greater importance, while the presence of voids becomes a less 


SPOTS problem From THE AUTHORS’ SUMMARY. 


CoLorimetric HeS Detector. T. F. Parkinson, Report DP-46, Atomic Energy Division, 
Explosives Department, E. I. du Pont de Nemours & Co., April, 1954. 


A semiportable instrument has been built and tested which utilizes a colorimetric method 
for quantitatively detecting concentrations of HS in air as low as 10 ppm (by volume). Color 
changes in a moving reactive tape are measured photometrically. Initial response time is less 
than five seconds, and results are reproducible to about + 25%. The output from the instrument 
can be fed to a recording potentiometer, and provision is made for actuating an alarm or other 
external circuit when a specified concentration is reached. The instrument operates from 110 V, 


A. C., and weighs about 30 Ib. Nuctnas Sc. Aner. 


PERFORMANCE OF COMMERCIAL Dust CoLLectors: Report oF Fretp Tests. RICHARD 
DENNIS, GLENN A. JOHNSON, MELVIN W. First, and Lestie SILVERMAN, Report NYO- 
1588, Air Cleaning Laboratory, Harvard School of Public Health, Nov. 2, 1953. 


An investigation was made of the performance of common types of commercial air-cleaning 
equipment for the collection of a variety of industrial aerosols. Test results are reported for 
dry inertial type collectors, cloth screen and tube filters, reverse jet filters, wet scrubbers, and 
low-voltage electrostatic precipitators. 


NucLear Sc. Asst. 


PERFORMANCE OF THE K ELectro-PovLar FILTER: REPORT OF LABORATORY TESTS. 
CHARLES E. RicHarp DENNIs, and LESLIE SILVERMAN, Report NYO-1592, 
Air Cleaning Laboratory, Harvard School of Public Health, July 15, 1954. 


Results of performance tests are presented for the Model K Electro-Polar Filter, a high- 
efficiency, low-loading dust collector developed by the Western Precipitation Corporation. 
Collecting mechanisms in this device combine the filtration characteristics of fine Fiberglas mats 
with the electrostatic effects produced by placing the mats between a positively charged (15 kv.) 
screen and a grounded screen. 


NucLEAR Sc. ABsT. 


DETERMINATION OF ETHYLENE DIBROMIDE AND ETHYLENE CHLOROBROMIDE IN AiR. B. H. 
Kennett, J. Agr. Food Chem. 2:691-692 (June 23) 1954. 


In fumigating various fruits for the destruction of the larvae and eggs of the fruit fly, rapid 
and simple methods for determining organic halogen compounds in air are required. In the 
method described, either of these compounds is absorbed in ethyl alcohol and decomposed with 


sodium hydroxide, and the liberated halogen is estimated by the Volhard thiocyanate method. 
Full directions are given. 


Inpust. Hya. DicEst. 
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DETERMINATION OF SMALL QUANTITIES OF CARBON MONOXIDE IN Arr. ALFREDO D. 
Marsico, Indust. qtim, 14:222-225, 264-269, 1952. 


Various methods were reviewed and tested. The use of an automatic apparatus based on the 
catalytic oxidation of CO by O in the air was the most practical method. The air was tested 
at various locations in the central zone of Buenos Aires. The CO content was 0 to 40 ppm by 
volume and sometimes higher under exceptional conditions. No significant concentrations were 


detected in the industrial zones. BERNARD Sturm [Cuem. Apst.] 


Legal Medicine 


FirtH SCHEDULE OF ExTENSION OF COMPENSATION FOR INDUSTRIAL ACCIDENTS AND Dts- 
EASES. Verhandl. deutsch. Gesellsch. f. Arbeitsschutz 1: pp. viii, 146, 1953. 


The fifth (1952) Schedule of compensable industrial accidents and diseases is based largely on 
the third Schedule (1936) and the fourth (1943) but represents an extension of the existing lists 
and an alteration in the condition of compensation already allowable in some disorders, particu- 
larly silicosis and asbestosis. 

New additions to the list include disorders due to cadmium, beryllium, chrome, and their 
compounds ; chronic disorders of tendons and muscles ; nerve pressure paralysis ; chronic bursitis ; 
fracture of spinal processes ; meniscus injuries in miners; fluorosis of bones, joints and ligaments, 
and corneal injury from benzoquinone. 

Compensation in silicosis and csbestosis is no longer limited to “severe” grades: lung dis- 
order from basic slag is now recognized in a variety of industries, including agriculture ; aluminum 
injury is no longer limited to aluminum dust ; noise deafness is recognized in the textile as well as 
other industries, and cataract in foundries and metal smelting. Industrial compensable diseases are 
defined as “those caused during industrial activity in one of the occupations listed in Section III 
of the Schedule,” and both the injurious effect and the bodily or mental incapacity must be in 
direct causative association with the recognized activity. 

It is suggested by Demiani that the legal decision on cause and association cannot be strictly 
scientific but that in practice the relation need not be completely free from doubt. 

In “New Points of View in Silicosis Research,” Beckmann discusses the differences in 
roentgenological appearances of the lung in severe silicosis before and since the war. At present 
the lesions are much finer and more diffuse, with a relative absence of coarse granulation. Beck- 
mann attributes this chiefly to modern improvements in technique, especially water spraying, 
which has reduced the particle size to an average of less than 0.2 #. He concludes that, though 
the injury caused by the finer particles is individually less marked and the development of 
functional disturbance slower, it is still extensive and controllable only if inhalation of fine dust 
is prevented. 

In discussing the pathological-anatomical aspects of silicosis and silicotuberculosis as related 
to the fifth Schedule, Di Biasi considers the omission of the word “severe” and the description 
“dust disease (silicosis)” a step forward, since it is no longer necessary to distinguish between 
pathological-anatomical findings and disturbance of function; the grade is no longer significant 
in itself but only in its influence on the cause of death or the origin of actively progressive 
tuberculosis. 

Vibratory disorders from pneumatic tools, whether local (deafness, disorders of muscles, 
bones, or joints) or general (fatigue), are discussed by Dausmann with special reference to the 
shoe industry. He suggests that they can be greatly reduced by technical improvements in machine 
installation, such as a base of cork, rubber, or felt, and recommends medical supervision, limita- 
tion of working hours, and alternation of work. 

The inclusion in the Schedule of chronic disorders of tendons and muscles from overstrain 
is welcomed by Schnelle, though the classification and identification of disorders such as tendo- 
vaginitis crepitans, tendon rupture, Dupuytren’s contracture, ganglion, epicondylitis, humero- 
scapular periarthritis, and myositis ossificans present some difficulty. With regard to cartilage 
injuries in miners, Husten points out that the fifth Schedule obviates the former necessity of 
proving, for the purpose of compensation, that the trauma causing the injury was sufficient to tear 
a healthy cartilage. The kneeling or crouching position of the miner is conducive to degeneration 
of the cartilage following repeated slight trauma. 

Cadmium and its compounds are regarded by Zeyer as a major industrial hazard. He states 
that 15% of all acute cases of poisoning prove fatal and the danger level of atmospheric concen- 
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tration is 1 mg. in 10 cubic meters of air. Symptoms of chronic poisoning include loss of smell, 
chronic cough, dyspnea, lassitude, and wasting; pathognomonic signs are a yellow line on the 
gums, increased sedimentation rate, and globulinuria. 

Beryllium poisoning has been recognized as a compensable disease in Germany since 1942. 
The new Schedule includes not only respiratory injury but also secondary complications of heart 
and circulation, kidneys, liver, skin, and bones. Niemoller describes the symptomatology and 
roentgenological changes in the lungs and suggests treatment with electroaerosols and aurintri- 
carboxylic acid, though its efficacy has not yet been confirmed. 

With regard to chromium and its compounds, Mager points out that the Schedule of 1943 
recognized only lung cancer; the new Schedule includes all injuries due to chromium: ulceration 
of the skin and nasal septa; chronic bronchitis and emphysema; irritation of the intestinal canal 
(chrome enteropathy), and toxic hepatitis. 

The acute toxic effects of fluorine and hydrofluoric acid (caustic burns of the skin) are dis- 
cussed by Stauf, with a description of the technical measures which have apparently prevented 
any serious injury to workers in Leverkusen. 

Fluorosis (osteosclerosis) and the chronic poisoning manifested as mottling of the teeth, 
constipation, paresthesias, onychia, falling hair, and latent tetany are described by Symanski. 

The fact that only since 1939 has any significant injury from inhalation of aluminum dust 
been recorded and that it has, in fact, been recommended as a protection against silicosis is 
explained by Lederer by recent changes in industrial aluminum processes, whereby the particles 
are much smaller than formerly and the protective layer which was formed by the earlier addi- 
tion of stearin is no longer found. 

On the whole, the symptoms and the pathological and roentgenological appearances in 
“aluminum lung” (a term preferable to “aluminum dust lung” because the effect of inhaled 
aluminum is now believed to be chemical, not mechanical) are much slighter and less specific 
than those of silicosis. The characteristic variation in the lungs is a thickening of the respiratory 
parenchyma by collagenous tissue, with a tendency to hyaline degeneration—a process which has 
been called “stroma sclerosis.” 

Other characteristic features are the development of these symptoms and physical signs in 
younger workers and their rapid progress within six months to two years. 

The new Schedule recognizes “disorders of the lower respiratory tract and lungs due to 
aluminum or its compounds,” and their severity need not be estimated. 

The mineral acids causing disorders of the teeth, which require the provision of dental 
attention rather than the payment of compensation, include hydrochloric, sulfuric, nitric, and 
hydrofluoric acids but not organic acids. 

Benzoquinone, occurring during the production of hydroquinone, causes punctiform infiltra- 
tion and yellowish-brown pigmentation of the cornea. 


The most important injury to health from noise is its effect on hearing, which may arise 
from short intensive bursts or from long-continued noise, the latter depending on the intensity, 


frequency, and duration of the sound; intermittent noise is probably more injurious than continual 
noise of equal intensity. 


Acute exposure to noise may be followed by functional disorders, such as rise of blood pres- 
sure, increased frequency of pulse, respiration, increased oxygen consumption, and muscle tonus. 
These disappear when tolerance is established. 

More chronic disturbance of the sympathetic nervous system cannot with certainty be 
attributed to noise, but many workers in a noisy environment complain of ringing in the ears, 
headache, sensations of pressure, heat, and numbness in the head, giddiness, vibration of the 
whole body, irritability, and disturbance of sleep. 

It is suggested by Bonhoff that other. results may include psychic disturbance in the form of 


anxiety reaction, “frustration,” complete change of personality, and diminution of working 
ETHEL BrownincG [Butt. Hya.]. 


Radioactive Substances and X-Ray 


DECONTAMINATION OF BuILpINGs UsEp FOR PROCESSING ALPHA EMITTERS. PAut B. KLEvIN, 
Witiiam B. Harris, and Hanson I. BLatz, Report AEC (NYO-4600), New York Opera- 
tions Office, April 29, 1954. 

Obsolescence of the original Atomic Energy Commission uranium processing plants has 
resulted in the dismantling of several of the early units and their replacement by new facilities. 
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In the course of dismantling, it was necessary that contamination by the radioactive uranium and 
radium be removed from buildings and equipment so that they would be acceptable to other 
commercial enterprises. Levels are proposed which it is believed would permit such sale or 
transfer. Data are presented showing the levels of contamination before and after decontamina- 
tion. Decontamination procedures are discussed, and cost figures are presented. 


NucLEAR Sc. Asst. 


RestipuAL GAMMA RapriaTion Hazarp AFTER LIMITED DECONTAMINATION OPERATIONS. 
F. J. Kriecer, Report RM-1226, Rand Corp., April 1, 1954. 


Calculations are presented which are used in computing the reduction in y-radiation level 
at any point 1 meter above a previously contaminated area which has been either completely or 
80% decontaminated. The geometrical configurations considered are a circle of variable radius 


and an infinitely long strip of variable width. Nuciear Sc. Apst 


BIBLIOGRAPHY OF SELECTED AEC Reports or INTEREST To INDUSTRY: VIII. INDUSTRIAL 
MANAGEMENT; IX. HEALTH AND Sarety. Report TID-3050, U. S. Atomic Energy Com- 
mission, Technical Information Service, Jan., 1953. 


Bibliographies of 12 references to nonclassified reports in the field of industrial management 
and 91 in the fields of health and safety compiled by the AEC Industrial Information Branch 
are presented as an aid to industry in its interest in technological developments in the atomic 
energy program. A subject index provides a detailed guide to the specific material covered by 


each document listed in the bibliography. Nucisas Sc. Aust 


RELATIVE BrioLocicaL EFFICIENCY OF DIFFERENT IONIZING RapraTions. Joun W. Boac, 
Report NBS-2946, U. S. Department of Commerce, National Bureau of Standards, Dec. 30, 
1953. 


The report discusses first some general aspects of the biological effect of different radiations 
and defines the terms used—dose, relative biological efficiency (RBE), etc. A number of the 
existing experiments are then reviewed, considering, first, those on whole animals or organs and, 
secondly, those on microorganisms and other simple materials. The various RBE values reported 
are tabulated, and their bearing on theories of action of radiation is discussed. Finally, the condi- 
tions for improved experiments are considered. Appendixes give the linear energy transfer 
distribution in water or tissue irradiated by fast neutrons and by x-ray beams. 


NUCLEAR Sc. ABstT. 


Recent ATTEMPTS TO ALTER THE RESPONSE TO IONIZING RADIATIONS. WiLpuR A. SELLE, 
GeEoRGE D. Mason, and Rospert H. NEwMan, Report UCLA-264, University of California, 
Los Angeles, Atomic Energy Project, Sept. 15, 1953. 


Previous reports reviewing literature dealing with attempts to alter the response of animals 
to ionizing radiations were published in 1949 (NEPA-1127-IER-21) and in 1951 (UCLA-176). 
The present report summarizes 118 additional papers published during the past 18 months. Data, 
results, and comments are presented in tabular form. In addition to various biological and 
pharmacological agents tested for their capacity to raise the tolerance of tissues to radiations 
and procedures which alter the physiological state by modification of the external and internal 
environment, data are included from studies of the role of the animal’s own normally functioning 
reticuloendothelial system in defense against the effects of radiation. The present report includes 
additional subjects not previously reviewed. Among these are anesthesias, autonomic drugs, 
dietary factors, pituitary hormones, insulin, exercise, and several miscellaneous organic com- 


ounds. 
pounds NUCLEAR Sc. Asst. 
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Lehrbuch der Arbeitshygiene: Band II. Spezielle Berufshygiene (Textbook of Industrial 
Hygiene: Vol. II. Hygiene of Special Occupations). Second edition. By Franz Koelsch. 
Price, $16. Pp. 535. Ferdinand Enke, Hasenbergsteige 3, Stuttgart, W., Germany, 1953. 


In the United Kingdom and in America. textbooks with the title “Industrial Medicine,” 
“Industrial Hygiene,” “Industrial Toxicology,” or any combination of these tend to regard 
these subjects as practically synonymous and to devote more or less equal attention to all three. 
Professor Koelsch, in the preface to the second edition of the second volume of his “Textbook 
of Industrial Hygiene,” states that he has endeavored to give special attention to health and 
protection. In fact, the greater proportion of the book deals with the technical and legal aspects 
of industry, and the whole subject of industrial hygiene is approached primarily from the 
standpoint of each occupational group. 

Each section of each group is treated under three main headings, as follows: 

1. Description of the Conditions of Each Particular Industry or Occupation. There is 
probably no existing publication which represents such an exhaustive compilation of “gainful 
employment,” since it includes every conceivable industrial application, from the chemical 
industry, building operations, mining of minerals and precious stones to the manufacture of 
toys and musical instruments. It also includes the large variety of occupations in agriculture, 
fishery, horticulture, be ekeeping, medicine, veterinary medicine, chemistry, and housew« rk, as well 
as outwork (there were 500,009 outworkers in Germany in 1938). 


2. Health Hazards. The enumeration of general hazards, such as climatic extremes, over- 


strenuous physical and mental activity, and “wear and tear,” with a wealth « 


f detail leaving 
no risk, however slight, unnoticed, leads to a certain amount of repetition, as also does the 
system of describing the special hazards in relation to each particular industry rather than to 
any specific toxic agent. Thus, under the heading of “Degreasing,” the use of benzene as a 
degreasing agent is described, with a brief note as to its toxic effect; later this is repeated 
in a different form under the headings of “Rubber Industry” and “Chemical Industry.” 

3. Preventive Measures and Regulations. These form a very large and, according to 
Professor Koelsch himself, the most difficult part of the book. They have, of course, a special 
interest for the German reader. 

In some respects the German regulations cover a wider field than those in force in Great 
Britain, and the “recommendations” not enforceable by law sometimes appear unnecessarily 
detailed and voluminous. Physicians, for example, in view of their tendency to develop coronary 
thrombosis from overwork, are advised to have one free Sunday or one free afternoon in 
every two weeks. 

In contrast to the minutely detailed consideration given to workers whose hazards are 
scarcely considered specific in Britain (housewives, actors, musicians, etc), some of the more 
hazardous occupations appear to be relatively much less strictly controlled. In Britain, for 
example, outwork with radioactive substances has always been strongly discouraged, and it is 
now extremely difficult, if not impossible, for any private worker to obtain a luminous compound 
containing radium or mesothorium in order to carry out the occupation of luminizing at home. 
In Germany, it appears that even the dry radioactive powder (the most dangerous form of 
luminous compound) can be used in their homes by “clean and responsible women with no small 
children,” practically the only warning given being “never to put the brush or applicator in 
the mouth.” 

Professor Koelsch states that the information he provides is directed chiefly to German 
processes but that it also pertains to international problems of industrial hygiene. Since the 
technique of industry is basically similar in all countries, from this point of view the book 
must have to some extent an international appeal. Moreover, the claim to have made good the 
lack of complete correlation in German literature receives the firmest substantiation. This 
volume must surely constitute the most complete description ever published of every aspect 
of occupational and industrial hygiene practiced in Germany. 


Brownine [Butt. Hye.]. 
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Verhandlungen der Deutschen Gesellschaff fiir Arbeitsschutz: Band II. Staube, Gase, 
Dampfe (Transactions of the German Society for Work Protection: Vol. II. Dusts, Gases. 
Vapors). Price, 25 DM. Pp. 280, with 67 illustrations. Verlag von Dr. Dietrich Steinkopff, 
Holzhof-Allee 35, Darmstadt, Germany, 1954. 


These transactions represent the second volume of “Verhandlungen der Deutschen Gesell- 
3 schaff fiir Arbeitsschutz” and consist of papers delivered at the meeting which took place in 


Bad Homburg, Germany, in October, 1953, under the common auspices of several medical and 
technical societies and professional organizations concerned with health and safety in industry 


The central subject of this meeting was dusts, gases, and vapors. 


' The papers delivered have been grouped into three sections. The first section deals with the 
> general toxicological aspect, the methods of control, and the function of the industrial physician. 
4 Broad reference is made to the publications of the American Conference of Governmental 
4 Industrial Hygienists concerning M.A.C. values, and a similar procedure is recommended 
. for Germany. 

4 
. The second section comprises medical papers presented at the meeting, dealing with 


physiological, pharmacological, clinical, therapeutic, and preventive aspects of many hazardous 


substances entering the respiratory tract; characteristically enough, this section represents the 
largest part—1l6 out of 29 papers. The hazardous substances dealt with include inter alia HS, 
CS», CO, nitrous gases, benzene, inhaled carcinogenic substances, solvents, etc. Some of the 
medical papers were presented by participants from other European countries, and a wealth 
of valuable scientific and clinical information was presented to all concerned with industrial 


medicine and industrial hygiene in their everyday work. 


bs The third section, dealing with technical problems, is a valuable addition of information 
on the technological progress in machinery for crushing and milling and the construction 
. problems arising from the preventive aspect. Other papers of this section include other hazards 
. (static electricity, inflammable fluids, etc.) and apparatus for measurements. 

On the whole, this volume can serve as a kind of small handbook for the German-reading 
P industrial physician and industrial hygienist for quick orientation in regard to health hazards 
4 originating from “important” substances in different industrial processes, acting by way of the 
4 respiratory tract in the form of dusts, gases, and vapors, and their toxicological, preventive, and 
’ clinical aspects. The industrial physician and the industrial hygienist will benefit alike and, no 


doubt, other physicians too who are interested in understanding the source of many “unspecific” 
diseases. 

The handbook value is limited only by the fact that some papers presented at the meeting 
have been published in other periodicals and hence are not included in this volume. 


ALEXANDER Hace, Boston. 


: Mcdern Occupational Medicine. Edited by A. J. Fleming, C. A. D’Alonzo, and J. A. Zapp. 
: Price, $10. Pp. 414. Lea & Febiger, Washington Sq., Philadelphia 6, 1954. 


This is a valuable book. The material is drawn from the accumulated knowledge and 
experience of the medical and allied divisions of E. I. du Pont de Nemours & Company. It is 


‘ 


divided into seven sections which cover most aspects of occupational medicine. Pride of place 
; is given to those aspects most closely connected with the chemical industry. 

The first section on organization sets high standards, requiring full-time medical officers for 
every 800 to 1000 employees. A detailed account of medical history taking and _ physical 
examination in industrial practice is given, and the use to which good records may be put is 


well illustrated. 
: The section on preventive medicine starts with an excellent account of the use of nonspecific 
: indices of physiologic deterioration to measure stress in its early stages. Up-to-date information 
; is given on protective clothing and immunization. 
The section on physical environment includes an exceptionally clear account of the effects 

of temperature, humidity, and air movement. This and the following chapters on noise, radiation 
: hazards, and fatigue show how the opportunities for medical research can be taken and applied 
Me in the field of industry. 
In the section on services allied to occupational medicine, the disadvantages of multiple 
- authorship are more apparent. There is some interesting material on such subjects as the 
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INDUSTRIAL HEALTH 


rehabilitation of the alcoholic and useful examples of cooperation with other departments. Some 
chapters are too brief to be of much value in themselves and the number of supporting references 
vary from none to 20. 

Psychiatry is presented in a simple, sane, and stimulating manner. Though unorthodox in 
approach, it is essentially practical. There is a useful section on toxicology, which is brief but 
comprehensive and supported by suitable references. And finally, after an apology for its inclusion 
in a textbook of occupational medicine, there is a good chapter on the treatment of common 
acute poisoning. 

As a whole, the book contains much practical wisdom and factual information. It should 
prove useful and stimulating to physicians and those associated with occupational medicine. In 
subsequent editions the appeal might be made wider by the inclusion of an over-all picture of 
industrial sickness and a more detailed account of absenteeism, of respiratory diseases, including 


the pneumoconioses, and of accident prevention. ‘ , 
I I CHRISTOPHER Woop. 


Industrial Ventilation: A Manual of Recommended Practice. Third edition. Price, $3. 
American Conference of Governmental Industrial Hygienists, P. O. Box 453, Lansing, 
Mich., 1954. 


This manual is intended to be a guide in the design and the operation of industrial exhaust 
systems. It is written in 11 sections, covering the wide range of subjects that the Industrial 
Hygienist will run across. The first section covers the general principles and characteristics of 
air flow in ventilation systems. This is followed, successively, by sections on dilution ventilation 
and comfort ventilation. A broad section covers the subject of hood-design data and such aspects 
as air flow in plain and flanged openings, capture velocities, and present best industrial practice 
of hood design. Under the section Specific Operations, there are given 37 drawings of hood 
types for the various industrial processes encountered, including a section on radioactive materials. 

Specific instructions for designing hood systems are given for both the balanced and the 
blast-gate systems, with examples of each. Entry, branch, enlargement, curve, and exit-loss 
coefficients are clearly listed. Construction specifications and test methods are included. These 
sections are followed by a section on fans and a section on air cleaning devices. 

The bibliography includes 51 entries. 


W. D. SMALL, Boston. 
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WIPE OFF PAINT, INK, 
GREASE WITHOUT WATER! 


TRY DOT-SO the next time 
you paint or get your hands 
inky or greasy. You will be 
amazed how thoroughly 
DOT-SO removes these stub- 
born stains. DOT-SO is widely used by 
painters, printers, repairmen, factory 
workers and duplicating machine opera- 
tors. DOT-SO is gentle and = sure—no 
abrasives or harsh solvents—contains 
lanolin. 

FULL 1-lb. JAR only 65¢ IN TUBES........ 45¢ 


Write for Industrial Discounts 


MANUFACTURED BY 


CHEMICAL ENTERPRISES 
1131 W. DEVON AVE. + CHICAGO 40, ILL. 


. . . interesting information 
for your patients 


... reinforcements for your 
own verbal instructions 


The A. M. A.’s Bureau of Health 
Education offers pamphlets on most any 
subject . . . such as these three 
articles on old age: 


oo HOPE FOR THE AGED 
James A. Brussel 
4 pp. 10¢ 


J THE PROMISE OF GERIATRICS 
T. C. Desmond 
16 pp. 20¢ 


ob STILL LOOKING AHEAD 
28 pp. 15¢ 


You may obtain a catalogue by writing to: 


A.M.A. BUREAU OF HEALTH EDUCATION 
535 NORTH DEARBORN STREET 
CHICAGO 10, ILLINOIS 


‘instant 


first aid for 


snake bite 


...the new and improved 
Saunders’ Snake Bite Kit, 
exclusive with Qi), ... 


When a poisonous snake strikes, suction must be applied ém- 
mediately. Venom must be prevented from spreading through 
the body. The new, improved Saunders’ Snake Bite Kit provides 
instant first aid with the right kind of suction—controlled and 
increased as desired. Easily and quickly administered, by the 
victim alone if necessary. “Kit provides everything needed 
for emergency first aid: tourniquet, lancet, ammonia inhalants, 


iodine swabs, adhesive bandages, Saunders’ venom- 
suction pump with two adapters. Write for data. = 


* Patented 


Medical Supply Company 


Rockford, Illinois - In Canada, it’s Safety Supply Co. 
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healthful living 


HOW YOU CAN JUDGE A RESTAURANT 
by Lawrence McCracken 
4 pages, 10 cents 


A list and discussion of sixteen criteria for a sanitary 


restaurant .. 
adequately trained 


THE WEATHER AND YOUR HEALTH 

by W. A. Sommerfield 

12 pages, 15 cents 
Humidity and bacterial growth . 
pressure . . odors . . cool dry air 
LET'S BANISH RABIES 

by Paul de Kruif 

4 pages, 10 cents 
How contracted . 
in dogs .. 


. incubation period . 
prevention 


order now 
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learn to recognize certain tell-tale signs 
which indicate whether owners and employees are 


. air motion .. 


. danger signs 


THE COMMUNITY SWIMMING POOL 
by William O. Wetmore 
8 pages, 15 cents 
Life guard requirements . . sanita- 
tion and purification . . skin diseases 


. chlorine . . filters 


AIR CONDITIONING 
by Rowena Gailey 
8 pages, 15 cents 


Year around functions . 
air conditioners . 


. kinds of 


. industry 


ROADS TO RELAXATION 

by Joseph L. Fetterman 

4 pages, 10 cents 
Tips for “letting loose” . . how to 
avoid getting tied-up in knots 


I enclose $...... for the number of pamphlets I have indicated below. 


——_HOW YOU CAN JUDGE A RESTAURANT, 10 CENTS 
—— THE WEATHER AND YOUR HEALTH, 15 CENTS 


——LET'S BANISH RABIES, 10 CENTS 


——THE COMMUNITY SWIMMING POOL, 15 CENTS 
——AIR CONDITIONING, 15 CENTS 


——ROADS TO RELAXATION, 10 CENTS 
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AMERICAN MEDICAL ASSOCIATION 
535 NORTH DEARBORN STREET 
CHICAGO 10, ILLINOIS 
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RESULTS COUNT!...:, Superficial Fungous 


Infections especially DERMATOMYCOSIS PEDIS 


* 


V | Pharmaceutical Division 
4 WALLACE & TIERNAN INCORPORATED, Belleville 9, N. J., U.S.A. 


(Athlete's Foot) 


w. Ointment and powder of ZINCUNDECATE 
: Solution of UNDECYLENIC ACID 


Cures average case in one to three weeks 


Pamphlets about pnrontems 


The Skin in Health and Disease. 
Harold N. Cole. 8 pages. 15 cents. 

“Hair-Brained” Notions. Lois 
Mattox Miller. 12 pages. 15 cents. 

Acne. 2 articles. Robert P. Little; 
Jane Parker Kirkpatrick. 12 pages. 
15 cents. 

Cosmetic Facts and Fancies. 
Austin Smith. 


8 pages. 15 cents. 


SKIN 


Psoriasis, The Threadbare Man- 
tle. lester Hollander. 
15 cents. 


Fire Under the Skin. William W. 


solton. 12 pages. 15 cents. 


12 pages 


Please remit with order 


AMERICAN MEDICAL ASSOCIATION 
535 N. Dearborn St. © Chicago 10 


INTERNAL MEDICINE 
MARCHES ON 


A.M.A. Archives of 
INTERNAL MEDICINE 


reports progress in 
research and observation. 


A monthly publication con- 
taining original studies, case 
reports, book reviews, news 
and comment. . . compiled 
for the general practitioner 
as well as the specialist .. . 


YEARLY $10.00 CANADIAN $10.50 FOREIGN $11.50 


AMERICAN MEDICAL ASSOCIATION 
535 NORTH DEARBORN STREET 
CHICAGO 10, ILLINOIS 


EVERY TYPE OF 


SKIN CLEANSER 


manufactures all three from raw 
material to finished product! 


| 
> G “%.2- A Specialized Soap to Meet Every 


VAAN Type of Plant Requirement! 


Whether for light, heavy or extra heavy duty, for 
general plant or office use, or to solve specific 
cleansing problems, our more than 40 years of 
experience in serving industry is at your service. 
Your inquiries will receive prompt and intelligent 
attention! 


LIGHTFOOT SCHULTZ COMPANY 
380 MADISON AVENUE NEW YORK 17, N. Y. 
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PROVED... 


a definite help in the prevention of 
industrial dermatitis by thousands of 
workers who use it in the washroom. 
Prescribe PAX-LANO-SAV°HEAVY 
DUTY for the workers in your plant. 
You'll see that PAX-LANO-SAV HEAVY 
DUTY can help prevent skin “ 
infections. 


COMMITTEE oe Q Always LOOK for the PAX ROOSTER. 
oe This FAMOUS TRADEMARK is your 


ON 
Tl 
assurance of a SUPERIOR PRODUCT. 


® 


H. PACKWOOD MFG. COMPANY 
Manufacturing Chemists 


1531 Tower Grove Avenue St. Louis 10, Missouri 
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